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PRODRUGS BUIIiT AS MULTIPLE SELF-ELIMINATION^RELEASE SPACERS 



FIELD OF THE INVENTION 

This invention is directed to compounds or prodrugs comprising a multiple release 
5 spacer or spacer system. A multiple release spacer is defined as a self-elimination 
spacer that releases multiple leaving groups upon a siugle activation event. One or 
more (generations) of these multiple release spacers can be used for example to obtain 
conjugates or prodrags which are activated by a single activation step at the preferred 
site of action in order to selectively deliver midtiple therapeutic or diagnostic parent 
10 moieties to target cells or to a target site. In this invention preferably target cells are 
tumor cells. 

BACKGROUND OF THE INVENTION 

Lack of selectivity of chemotherapeutic agents is a major problem in cancer treatment 
15 Because highly toxic compounds are used in cancer chemotherapy, it is typically 
associated with severe side effects. Drug concentrations that would completely 
eradicate the tumor cannot be reached because of dose-limiting side effects such as 
gastrointestinal tract and bone marrow toxicity. In addition, tumors can develop 
resistance against anticancer agents after prolonged treatment. In modem drug 
20 development, targeting of cytotoxic dmgs to the tumor site can be considered one of the 
primary goals. 

A promising approach to obtain selectivity for tumor cells or tumor tissue is to e^qploit 
the existcsace of tumor-associated enzymes. A relatively high level of tumor-specific 
25 enzyme can convert a phamiacologically inactive prodrug to the corresponding active 
parent drug in the vicinity of or inside the tumor. Via this concept a high concentration 
of toxic, anticancer agent can be generated at the tumor site. All tumor cells may be 
killed if the dose is sufficiently high, which may decrease development of dmg 
resistant tumor cells. 

30 

There are several enzymes that are present at elevated levels in certain tumor tissues. 
One example is the enzyme p-glucuronidase, which is liberated firom certain necrotic . 
tumor areas. Furthermore, several proteolytic enzymes have been shown to be 
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associated wifh tumor invasion and metastasis. Several proteases, like for example the 
cathepsins and proteases from the uxokmase-type plasminogen activator (u-PA) system 
are all involved in tumor metastasis. The serine protease plasmin plays a key role in 
tumor invasion and metastasis. The proteolytically active form of plasmin is formed 
5 from its inactive pro-enzyme form plasminogen by u-PA. The tumor-associated 

presence of plasmin can be exploited for targeting of plasmin-cleavable conjugates or 
prodmgs. 



An enzyme can also be transported to the vicinity of or inside target cells or target 
10 tissue via antibody-dkected enzyme prodrug therapy (ADEPT) \ polymer-directed 

enzyme prodrug therapy (PDEPT) or macromolecular-directed enzyme prodrug tiierapy 
(MDEPT)^, virus-directed enzyme prodrug therapy (VDEPT)^ or gene-directed enzyme 
prodrug therapy (GDEPT) ^ 

1 5 The technology of this invention relates to novel spacers (linkers) or spacer systems 
(linkCT systems) that can be inserted between a specifier (unit that can be cleaved or 
transformed) and leaving groups (for example parent drugs or detectable molecules). 
Furthermore, the invention relates to prodmgs and (bio)conjugates comprising a 
specifier, said novel spacers or spacer systems and multiple leaving groups, and to 

20 bifrmctional linker systems comprising a (protected) specifier containing a reactive 
moiety that enables coupling to a targeting moiety on one side of the linker (system) 
and reactive moieties that enable coupling to multiple leaving groiq)s (for example 
parent dmgs or detectable molecules) on the other side of the linker (system). 
A great number of anticancer conjugates and prodmgs that have been developed in the 

25 past contain a self-eUminating connector or linker, also called self-elimination spacer. 
This spacer is incorporated between the specifier and the drug in order to facilitate 
enzymatic cleavage and so enhance the kinetics of dmg release (as shown in figure 1). 
The specifier (which for example can be an oligopq>tide substrate for a protease or for 
example a p-glucuronide substrate for P-glucurorddase) must be site-specifically 

30 removed or transformed, followed by a spontaneous spacer elimination to release the 
cytotoxic parent drug. Up to now self-elimination spacers have been implemented that 
release one drug molecule upon prodrug activation and subsequent spacer elimination. 
When the prodrugs and (bio-)conjugates contaioing multiple drug moieties are 
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considered that have been reported thus far, an independent cleavage was necessary for 
each drug molecule to be released. 

WO 98/13059 is a relevant disclosure describing a prodrug comprising an amino- 
5 terminal capped peptide covalently linked to a therapeutic drug through a self- 
eliminating spacer. In particular this document describes the use ofp-aminobenzyl- 
oxycarbonyl (PABC) as self-eliminatiag spacer. The PABC electronic cascade spacer 
was already known from for instance Carl et al., J. Med. Chem., 1981, vol. 24, 479- 
480. Specifically the anticancer drugs doxorubicin, mitomycin C, paclitaxel and 

10 camptothecin coupled to PABC are described. A second self-eliminating spacer that is 
described is p-amino-bis(hydroxymethyl)styrene (BHMS), having the structure p-NH- 
Ph-CH=C(CH20-)2, including the carbonyl groups the structure is jc^-NH-Ph - 
CH=C(CH20CO-)2. It is noted that this spacer is described in this disclosure as a bis- 
carbamate, which teaches that two drug molecules are linked to this spacer via an 

15 amine functionality of the dmg. The only drag moiety that is disclosed that is actually 
coupled to the BHMS spacer is doxorubicin. Doxorubicin is coupled via its sugar 
amino group resulting in a carbamate linkage between spacer and drug. Further it is 
stated that the spacer can bind two drug moieties. However, the documait is silent on 
how many drag molecules are actually released. 

20 

Other systems that are loaded with multiple covalently bound bioactive molecides as 
end gmups have been reported. Examples are systems that release doxorabicin after 
acidolysis of each hydrazone linker^, starlike HPMA copolymers containing 
doxorabicin^, or multi-loaded poly(ethylene glycol) prodrags^. A doxorubicin- 

25 containing starlike HPMA copolymer with an antibody as the core has also been 

reported^. A number of recent publications have described the use of branched linkers 
in combination with antibody-containing prodrags or bioconjugates with the aim of 
increasing the number of drags bound per antibody^. However, to our knowledge, in 
each multi-loaded prodrag system reported so far^ each single end group needs to be 

30 independently cleaved in order to release all end groups. 

Thus there is a need for improved prodrags or (bio-)conjugates in terms of (efficiency 
of) release of sufficient amounts of active drag in relation to the activation that is 
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required at a desired site of action. In many cases, in prodrugs or (bio)conjugates, it is 
desirable to increase drug loading per targeting unit, in order to improve the efficacy of 
targeted compounds. 

SUMMARY OF THE BWEIVTION 

The present invention fulfills the above mentioned need with a compound comprising a 
specifier (V) linked to two or more of the same or different leaving groups (Z) via a 
self-eliminating multiple release spacer or spacer system, which compound upon a 
single activation step releases at least two leaving groups, said activation step being the 
removal or transformation of the specifier. Self-elimination spacers can also be coupled 
to one another, so that more than one spacer is incorporated between specifier and 
leaving group. Hereinbelow, also the term (self-elimination) spacer system is used, 
which comprises two or more spacers, being either self-eliminating multiple release or 
single release spacers, connected together. 

The present invention also describes bifunctional linker systems comprising a 
(protected) specifier containing a reactive moiety that enables coupling to a targeting 
moiety (which then together with the initial specifier becomes a fimctionalised specifier 
V) on one side of the spacer (system). Further, the bifunctional linker systems comprise 
reactive moieties that enable coupling to multiple leaving groiqjs (for exanq>le parent 
drugs or detectable molecules). 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows schematically the conversion of a spacer containing prodrug into the 
parent dmg. 

Figure 2 shows schematically the Uberation of multiple leaving group molecules from 
multiple release spacer containing compounds. 

Figure 3 shows schematically the liberation of 4 leaving group molecules from a 
compound containing 2 generations of double release spacers. 

Figure 4 shows schematically the liberation of 9 leaving group molecules from a 
compound containing 2 generations of triple release spacers. 
Figure 5 shows the principle of 1,6-eUmination. 
Figure 6 shows the principle of 1,8-elimination. 
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Figure 7 shows the proposed principle of elimination of 3 leaving groups from a triple 
release spacer. 

Figure 8 shows the proposed principle of elimination of 2 leaving groups from a double 
release spacer. 

5 Figure 9 shows the preparation of 2 model compounds containing a triple release spacer 
and 3 benzyl alcohol or phenethyl alcohol leaving groups. 

Figure 10 shows the preparation of a model compoimd containing a triple release 
spacer and 3 benzylamine leaving groups. 

Figure 11 shows the preparation of a model compound containing a triple release 
10 spacer and 3 propylamine leaving groups. 

Figure 12 shows the preparation of a prodrag containing a double release spacer and 2 
pacUtaxel moieties. 

Figure 13 shows the preparation of a prodrug containing two generations of double 
release spac^ and 4 paclitaxel moieties. 
15 Figure 14 shows the preparation of a model compound containing a double release 
spacer and 2 benzylamine leaving groups. 

Figure 15 shows the preparation of a doubly p-nitrophenyl carbonate activated 
compound containing a double release spacer coupled to two single release spacers. 
Figure 16 shows the preparation of 3 model compounds containing a double release 
20 spacer coupled to two single release spacers. 

Figure 17 shows the preparation of a model compound containing a single release 
spac^ coupled to benzylamine. 

Figure 18 shows the reference compounds dibenzyl carbonate and 2'-0-cinnamyl 
oxycarbonylpacUtaxel. 

25 Figure 19 shows the reduction of the nitro group in the 2 model compounds containing 
3 benzyl alcohol or 3 phenethyl alcohol leaving groups with the concomitant liberation 
of all leaving groups. 

Figure 20 shows the reduction of the nitro group in the model compoimd containing 3 
benzylamine leaving groups. 
30 Figure 21 shows the removal of the Aloe group from the model compound containing 3 
propylamine leaving groups. 

Figure 22 shows the reduction of the nitro group in the prodrug containing 2 pacUtaxel 
moieties with the concomitant liberation of 2 molecules of paclitaxel. 
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Figure 23 shows tiie reduction of the nitre group in the prodrug containing 4 paclitaxel 
moieties with the concomitant liberation of 4 molecules of paclitaxel. 
Figure 24 shows the reduction of tiie nitro group in the model compound containing 2 
benzylamine leaving groups. 
5 Figure 25 shows the reduction of the nitro group in the 2 model compounds containing 
2 p-methoxybenzylamine or 2 p-chlorobenzylamine leaving groups. 
Figure 26 shows the reduction of the nitro group m the model compound containing 2 
phenethyl alcohol moieties with the concomitant Uberation of 2 molecules of phenethyl 
alcohol. 

10 Figure 27 shows the reduction of the nitro group in the model compoimd containing a 
benzylamine leaving group, with the concomitant Uberation of benzylamine. 
Figure 28 shows the treatment of two reference compoxmds with zinc and acetic acid, 
which does not lead to any degradation of starting material. 

15 DETAILED DESCRIPTION OF THE INVENTION 

In this invention a new technology is disclosed that can be used to induce release of 
more than one leaving group following a single activation step. It can be appUed for 
example to prepare prodrugs or conjugates, which can for example be used for 
targeting drugs to disease-related or organ-specific tissue or cells, for example tumor- 

20 specific conjugates or prodrags that are improved with respect to conjugates or 

prodmgs known thus far in that they release more than one parrat moiety after a single 
activation step. This aims at a therapeutic advantage. The present invention is deemed 
to be applicable to all drugs lhat need to be delivered at a specific target site where a 
specific disease-related or specifically targeted biomolecule can convert the prodrug or 

25 conjugate into dmgs or induce conversion of the prodrag or conjugate into drugs. This 
invention can fiirfheimore find application in (non-^ecific) controlled release of 
compounds, with the aim of enhancing characteristics of parent moiety release. 

In another aspect, this invention can find appUcation in a diagnostic assay process. An 
30 enzyme can be detected by a compound of this mvention containing a multiple release 
spacer or spacer system that is selectively activated by said enzyme to release multiple 
detectable molecules (leaving groups), thus increasing the SOTsitivity of the assay. 
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In this inveation, self-elimination multiple release spacers are disclosed that enable 
release of multiple leaving group molecules upon a single activation event These self- 
elimination multiple release spacers are applicable in conjugates or prodrugs, for 
example anticancer prodrugs, and significantly enhance the amount of drug molecules 
5 liberated per (enzymatic) activation, resulting in a potential therapeutic advantage. 



In the generic structures throughout this description and in the claims letters are used to 
define structural elements. Some of these letters can be mistaken to represent an atom, 
such as C, N, O, P, B, F, S, V, W, I, Y. To avoid confusion whenever these letters do 
1 0 not represent an atom they are given in bold typeface. 

In the structures throughout this description and in the claims molecular structures or 
parts thereof are drawn. As usual in such drawings bonds between atoms are 
rqpresented by lines, in some cases, to indicate stereochemistry, by bold or broken or 

15 wedged lines. Usually a line ending in space (a "loose" end), i.e. at one end not having 
another line or specific atom connected to it represents a CH3 group. This is correct for 
the drawings representing the preferred compounds according to the invention 
hereinbelow. However for those structures representing a structural element of the 
compoimds according to the invention, in particular A, C, D, E, F, G, H, I, J, K, L, M, 

20 N, O, T, U and Y, a line ending in space indicates the position of attachment of another 
structural element of the compound or conjugate. This includes attachment to V, S or 
Z. Also for the drawings representing the preferred structural elements (W-)w(X-)xCc , 
(W-)w(X-)xC(Dd)c, (W-)w(X-)xC(D(Ec)d)c and (W-)w(X-)xC(D(E(Ff)e)d)c a line ending 
in space indicates the position of attachment of another stractural element of the 

25 compound or conjugate, including attachment to V, S or Z. An alternative drawing of a 
line representing a bond to another structural elenient would be a drawing of a line with 
a wavy line perpendicular at the "loose" end of the line. 

Furthermore, the structures or parts thereof have been drawn, under the assumption that 
30 the structures are read fi-om left to right, meaning that the specifier V is always located 
on the left side and the leaving groups Z or the reactive moieties S are always located 
on the right side of such structures. 
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According to the invention, two 'branched self-elimination spacers', herein also called 
'multiple release spacers', have been developed that are able to release multiple 
moieties. Spacers that are able to release only a single moiety are called 'unbranched 
spacers' or 'single release spacers'. 
5 Spacers, either branched or unbranched, which self-eliminate through a l,(4+2n)- 
elimination (n = 0,1,2,3,4,5,6,7,8,9 or 10) (for example 1,6-ehmination, 1,8- 
elimination, or 1,10-ehmination) are further called 'electronic cascade' spacers. 

When a spacw able to release 2 leaving groups, hereinbelow caUed "double release 
1 0 q)acer", is used betweeaa specifier and leaving groups, two leaving group molecules are 
released per (enzymatic) activation (figure 2a). When a spacer able to release 3 leaving 
groups, hereinbelow called "triple release spacer", is used, three leaving group 
molecules will be released per activated compound or prodrug (figure 2b). 

1 5 When a spacer is connected to one or more other spacers via a direct bond, this 
combination of spacers is refeired to as 'spacer system'. When at least one of these 
spacers is a multiple release spacer, it is called a "multiple release spacer system'. 

An aniline-based spacer is a multiple release or single release spacer that comprises an 
20 aromatic amino groiq) on the leflhand side. 

A phenol- or thiqphraiol-based spacer is a multiple release or smgle release spacer that 
comprises an aromatic hydroxy or thio group, respectively on the leflhand side. 
Lefthand side refers to the position in the molecule as shown in e.g. figures 5, 6, 7 and 
8. 

25 

Surprisingly it was found that it is required for more than one leaving group molecule 
to be released that the leaving groups are not aliphatic amine groups whai only an 
aniline-based multiple release spacer is employed. In other words the leavmg groups 
(Z) should not be coupled to the self-eliminating multiple release spacer via their 
30 aliphatic amine groups if the spacer is an aniline-based multiple release spacer. In the 
examples it is shown that if the leaving group Z is propylamine, p- 
methoxybenzylamine, benzylamine, or p-chlorobenzylamine, coupled via its primary 
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amine group, maximally one of these leaving groups is actually released (see examples 
22, 23, 26, 27, and 28 / figures 20, 21, 24, and 25). 

When the spacer is a phenol-based or thiophenol-based multiple release spacer or when 
the multiple release spacer is directly coupled to single release phenol- or thiophenol- 
based spacers or spacer systems, however, the leaving groups can also be coupled via 
their aliphatic amino group as all leaving groups are Uberated upon activation. 

Preferably the leaving groups Z are Imked to the seLf-eliminating multiple release 
spacer via a group that possesses sufficient electron-withdrawing capacity, such as for 
example O, S, aromatic N, or aliphatic N. It is important to note that in the context of 
this invention with aromatic N is meant a nitrogen atom covalently bound to an 
aromatic groiqp such as for instance a (substituted) phenyl ring or other 
(het@ro)aromatic group, but also aromatic N can mean a nitrogen in an aromatic ring 
such as for instance in a pyrrole ring or in an imidazole ring. As disclosed in this 
invention, the leaving groups must possess better leaving group capabilities than 
aliphatic amines when the multiple release spacer is an aniline-based spacer. 
Propylamine, p-methoxybenzylamine, benzylamine, and even p-chlorobenzylamine did 
not possess sufficient electron-withdrawing capacity to induce complete release of all 
end groups when the spacer is an aniline-based spacer. In contrast, benzyl alcohol, 
phenethyl alcohol, paclitaxel, and certain para-substituted aniline derivatives all 
showed to be completely released from double and triple release spacers disclosed in 
this invention. For example in case of the herein disclosed double release spacers, when 
the para-substituted aniline derivative was NH-C6H4-CH2-O-CO-NH-CH2-R, multiple 
release did not take place. In contrast, when the para-substituted aniline derivative was 
NH-C6H4-CH=C(CH2-0-CO-2'-0-pachtaxel)2, multiple release did take place. 
When the multiple release spacer is a phenol- or thiophenol-based multiple release 
spacer or when the multiple release spacer is coupled to single release phenol- or 
thiophenol-based spacers, aliphatic amines are also suitable leaving groups and release 
of all aliphatic amine leaving groups does occur. This can be reasoned based on the 
above as aliphatic alcohols prove to be suitable leaving groups (e.g., from H2N-C6H4- 
CH=C(CH2-0-CO-2'-0-paclitaxel)2 two molecxdes of paclitaxel are released) and 
therefore release of phenol-based spacers, to which an aliphatic amine leaving group is 
comiected, from a multiple release spacer (e.g., H2N-C6H4-CH=C(CH2-0-C(0)0-C6H4- 
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CH20C(0)1SIR^R^)2) should occur by virtue of their increased leaving cq)ability with 
respect to aliphatic alcohols. As elimination of aliphatic amines from hydroxyben2yl- 
based spacer-aliphatic amine conjugates is known^^, release of aliphatic amines from 
spacer systems in which the aliphatic amine is directly connected to a phenol-based 

5 spacer takes place as well. 

The above shows that subtle changes can deteraiine whether multiple release occurs or 
not With all aUphatic amines, and even with certain para-substituted aniline derivatives 
tested, release of more than one leaving group did not take place when the spacer is an 
aniline-based spacer, but occurs when the spacer is a phmol- or thiophenol-based 

10 spacer, whereas with certain other para-substituted aniline derivatives, and with all 
hydroxyl leaving groups tested, complete elimination of all end groups did occur 
independent of the type of spacer used. 



For at least two molecules to leave the compound according to the invention the 
15 leaving group should be coupled via its oxygen, such as for example its primary, 

secondary or tertiary alcohol, its phenol, or its phosphate, its sulphur, or its aromatic 
amine. In order for at least two leaving groups tiiat are coupled via their aliphatic amino 
group to leave from a conjugate comprisiug one multiple release spacer, the spacer 
should be a phenol- or thiophenol-based multiple release spacer or the spacer system 
20 comprising one aniline-based multiple release spacer should also comprise single 

release phenol- or thiophenol-based spacers directly connected to this multiple release 
spacer. The Unkage between self-eliminating multiple release spacer (system) and 
leaving group can be described as carbonate, alkyl phosphate, oxycarbonylthio, 
carbamate, or N-aryl-carbamate. In some cases, for example in case of an aromatic 
25 alcohol leaving gfxmp coupled to a single release self-elimination spacer via an aryl 
ether linkage^ \ the leaving group can also be liiiked to the spacer without an 
oxycarbonyl unit without compromising self-ehmination. 

In one embodiment the compoimd comprises one self-eliminating multiple release 
30 spacer. In a further embodiment the compound comprises two or more self-eliminating 
multiple release spacers. In yet a further embodiment the compound comprises three or 
more self-eliminating multiple release spacers. 
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The setf-elimmation multiple release spacers can also be coupled to one another 
(figures 3 and 4). In this case compounds are obtained ttiat contain multiple generations 
of multiple release spacers. If one multiple release spacer is incorporated in the spacer 
system of the compound according to the invention, the compound contains one 
5 generation of multiple release spacer. If two or more self-eliminating multiple release 
spacers are coupled to a first self-eliminating multiple release spacer, the resulting 
compound contains two generations of multiple release spacers (second generation). If 
two or more self-eUmuiating multiple release spacers are coupled to two or more 
multiple release spacers that constitute the second generation self-ehminating multiple 

10 release spacers, the resultiag compound contains three generations of multiple release 
spacers (third generation). If a compound according to the invention contains two or 
more generations of self-eLtminating multiple release spacers, the compoimd possesses 
a dendritic (or dendrimeric) stracture and can be called a dendrimer. In one 
embodiment of the invention the compound comprises one self-eliminating multiple 

1 S release spacer. In a further embodiment of the invention the compound comprises two 
or more generations of self-eliminating multiple release spacers. In yet a fiurther 
embodiment the compoimd comprises three or more geuCTations of self-eliminating 
multiple release spacers. For instance by coupling two self-elimination double release 
spacers to a first self-elimination double release spacer and optionally again coupling of 

20 four sblf-elimination double release spacers to the second two self-elimination double 
release spacers, a dendritic structure is constructed. The number of leaving group 
molecules, for example drug molecules, that can be bound per specifier is multiplied 
with every generation of self-elimination multiple release spacers incorporated. Each 
new generation of self-elimination multiple release spacers that is coupled to Hxe 

25 preceding generation multiplies the number of leaving group molecules that can 
eventually be present in the compound or conjugate by a factor fliat is equal to the 
number of leaving groups that can be bound to the multiple release spacer of tiie 
generation that is newly incorporated. The final compoimd or prodmg (or bioconjugate) 
that is obtained is a dendrimer. 

30 



Thus in a further embodiment of the invention the compound comprises a self- 
eliminating multiple release spacer system in the form of a dendritic stracture. 
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For at least two molecules to leave such a dendritic multiple release spacer system, the 
leaving groups should be coupled via their oxygen, such as for example their primary, 
secondary or tertiary alcohol, their phenol, or their phosphate, their sulphur, or their 
aromatic amine. In order for at least two leaving groups that are coupled via their 

5 aUphatic amino group to leave, at least one generation of the dendritic multiple release 
spacer system should comprise phenol- or thiophenol-based multiple release spacers or 
should be coupled to the next generation of multiple release spacers or to flie leaving 
groups via single release phenol- or thiophenol-based spacers . Preferably the highest 
generation of multiple release spacers or spacer systems should be phenol- or 

10 thiophenol-based. 

In a preferred embodiment, when an aniline-, phenol- or thiophenol-based multiple 
release spacer (system) is used, the leaving groups are not ahphatic amines, but 
preferably for example O, S or aromatic N. 

15 

Dendrimers, also known as staiburst polymers, are weU-defined highly branched tree- 
like macromolecules with a large number of end groups'^ One appUcation of 
draidrimeric (or dendritic) stractures that has been explored is drug dehvery". In the 
emerging field of dendrimeric drug deUvery, biologically active substances can be 

20 covalently linked to dendrimeric end gmvps, or can be encapsulated inside dendrimers. 
In the examples of the first case that have been reported thus fer, each drug molecule 
must be independently Uberated via a chemical or biological cleavage step^"*. In the 
second case, specific physiological conditions need to change the folding and/or 
tertiary stinicture of the dendrimer, tiiereby releasing encapsulated material. Release of 

25 active substances &om dendrimers can be induced by pH", incorporation of 
photosensitive units'*, or by enzymatic cleavage". 

The novel self-elimmation multiple release spacers disclosed herdn aiable complete 
release of multiple leaving graaps, for example biologically active substances, that are 
30 covalently linked to the dendrimeric end groups m such a way that a single activation is 
sufBcient to release aU end groups (figures 3 and 4). A single chemical or biological 
activating event should lead to a cascade of self-elimination reactions flifirdjy releasing 
multiple leaving groups. Draidrimers with these properties may be useful for several 
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applications, and are considered particularly useful in the area of diagnostics and the area 
of drug delivery, for example in anticancer ther^y, where tumor-selective degradation of 
the dendrimeric material is desu-ed Multiple drug molecules can be site-specifically 
released by employment of only one targeting or drug delivery device. Compounds that 
5 contain two or more generations of multiple release self-elimination spacers, optionally 
connected to each other via single release spacers or spacer systans are further called 
'cascade dendximers'. 

Several applications are imaginable for the multiple release spacers or spacer systems 
10 or cascade dendrimers of this invention. Firstly, bioactive compoimds can be site- 
specifically delivered. The concept can be applied to anticancer agents, but also 
antibiotics can be incorporated as end groups in a cascade dendrimer that is activated 
for example by bacterial enzymes, such as for example p-lactamase. In addition, 
cascade dendrimers may be applicable in the agrochemical field for release of 
15 pesticides^^. Througjh sophisticated synthesis, cascade dendrimers may be prepared that 
contain two or more different parent compounds. This may be interesting when it is 
considered that combination therapy emerges as a clinically important mode of 
treatment for diseases such as cancer, bacterial diseases, and HIV. 

20 Furthermore, biodegradable dendrimers might be interesting for the production of 
biodegradable materials such as plastics, or may be used as devices that enable the 
controlled or slow release of dmgs by incorporation of, for example, an enzymatically 
degradable sequence. In addition, cascade dendrimers may be used for diagnostic 
purposes^^. They could serve as an amplification mechanism in diagnostic assays, see 

25 hereinbelow. 

Several strategies have evolved to improve the specificity of anticancer dmgs, the 
prodrug concept being one of them^^'^\ A prodrug is an inactive derivative of an active 
dmg, which is site-specifically activated to release the active parent drug. Prodrugs that 
30 are activated by tumor-specific or tumor-targeted enzymes have shown promising 

results^. Alternatively, prodrugs of antitumor agents coupled to polymers, as already 
reported by Ringsdorf^^, provide another targeting principle. Polymers, including 
dendrimers, can passively lead to tumor-specificity, due to the enhanced permeability 
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and retention effect (EPR)^. This effect retains polymeric material with an 
approximate molecular weight > 40 kD inside tumor tissue due to discontinuous (\esky) 
and poorly formed tumor endotiielium and poor lymphatic drainage. Frequently used 
polymeric carriers for drug deHvery are poly[N-(2-hydroxypropyl)mefliaciylamide] 

5 (poly-HPMA)^^, poly-glutamic acid, for example poly-L-glutamic acid (PG), and 
poly(ethylene) glycol (PEG)^^ AppUcation of dendrimers in drug delivery can be 
preferred to oUier polymers because, by definition, dendrimers are not as polydisperse 
as conventional polymers. In general, they can be obtained as homogeneous 
compounds more easily than polymers, a fact that may facilitate approval of 

1 0 dendrimeric material for medicinal purposes. 



An important advantage of cascade dendrimers over conventional dendrimers or 
polymers would be that fliey would be selectively degradable, thus clearable firom the 
body. Clearance of polymers firom the body is a limiting factor in current polymeric 
1 5 drug deUvery systems, as the maximum molecular weight of synthetic macromolecules 
that can be cleared fiom the body ranges fix)m 25 to 45 kO". Cascade dendrimers as 
disclosed herein can be considered as an alternative for self-assembling dendrimeric 
systems" that also possess these desirable properties of degradability. 

20 Thus, Ihe multiple release dendrimeric conjugates and prodrugs of this invention 

containing covalentiy bound anticancer drug molecules as end groaps and activated by a 
specific enzyme that is localized in the tumor environmait or by any other specific 
chemical or biological event would combine a number of desirable properties for a tumor- 
selective anticancer confound. 

25 

More specifically the invention relates to compounds of liie formulas 

V-(W-)w(X-)xC((A-)aZ)c, 

V-(W-)w(X-)xC(D((A-)aZ)d)c, 
V-(W-)w(X-)xC(D(E((A-)aZ)e)d)c, and 
30 V-CW-)w(X-)xC(D(E(F((A-)aZ)f)e)d)c, 
wherein: 
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V is selected fix)m [O] and a specifier which is removed or transformed by a chemical, 
photochemical, physical, biological, or enzymatic activation, optionally after prior 
binding to a receptor; 

(W-)w(X-)xC((A-)a)c, 
5 (W.)w(X-)xC(D((A-)a)d)c, 

(W-)w(X-)xC(D(E((A-)a)e)d)c, and 

(W.)w(X-)xC(D(E(F((A-)a)f)e)d)c 

are self-eliminating multiple release spacers or spacer systems; 
W and X are each a single release l,(4+2n) electronic cascade spacer, being the same 
10 or different; 

A is a cycHzation elimination spacer; 

C, D, E, and F are each a self-eliminating multiple release spacer or spacer system that 
upon activation can maximally release c, d, e, and f leaving groups, respectively; 
each Z is independently a leaving group or H or OH or a reactive moiety; 
IS aisOorl; 

c, d, e, and f are independently an integer fi^m 2 (included) to 24 (included); 
w and X are independently an integer firom 0 (included) to 5 (included); 
n is an integer of 0 (included) to 1 0 (included). 

20 In a further embodiment, the invention relates to compounds of the formulas 
V-(W-)w(X-)xC((A-)aS)o, 

V-(W-)w(X-)xC(D((A-)aS)d)c, 

V-(W.)w(X.)xC(D(E((A-)aS)e)d)c, and 

V-(W-)w(X-)xC(D(E(F((A-)aS)£)e)d)c, 

25 wherein: 

V, W, X, C, D, E, F, A, w, X, c, d, e, f, and a are as defined above and 
each S independently has no meaning or is H, OH, or a reactive moiety that allows for 
coupling the multiple release spacer system to leaving groups Z, which may be the 
same or different, to afford compoimds 
30 V-(W-)w(X-)xC((A-)aZ)c, 

V-(W-)^-)xC(D((A.)aZ)d)c, 

V-(W-)w(X-)xC(D(E((A-)aZ)e)d)c, and 
V-(W-)w(X-)xC(D(E(F((A-)aZ)Oe)d)c, respectively. 
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A compound or prodrug (or (bio)coiijugate) according to this invention comprises a 
specifier V, which is meant to consist of a group that can be site specifically removed 
or transformed and that is covalently attached to at least two therapeutic or diagnostic 
5 moieties Z or to at least two reactive moieties S ^na the novel self-e l imi nat ing multiple 
release spacer or spacer system 

(W-)w(X)xC((A-)a)c or (W-)w(X-)xC(D((A-)a)d)c or (W-)w(X-)xC(D(E((A-)a)e)d)c or 
(W-)w(X-);cC(D(E(F((A-)a)f)e)d)c. These self-eliminating multiple release spacers or 
spacer systems possess multiple sites for attachment of moieties Z or moieties S. 

10 

According to a preferred embodiment of the invention, the self-elimination multiple 
release spacers or spacer systems C, D, E, and F are independently selected from 
compounds having the formula 

G^)g(H(P)h(l(P)l)hOg* 
— B-/^^V^^ 

M(P),n(N(P)n(O(P)o)n0m' 

wherein 

15 B is selected fi-om NR\ O, and S; 
P is C(R^)(R^)Q-(W-)w(X-)x; 
Q has no meaning or is -0-C0-; 

W and X are each a single release l,(4+2n) electronic cascade spacer, being the same 
or different; 

20 

G, H, I, J, K, L, M, N, and O axe independently selected from conq)Ounds having the 
formula: 



>=<e - >=<; " 

25 
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whesrein R\ R^, R^, R", and R^ independently represent H, Ci^ alkyl, C3-20 heterocyclyl, 
C5.20 aryU Ci^ alkoxy, hydroxy (OH), amino (NH2), mono-substituted amino (NRxH), 
di-substituted amino (NRx^Rx^), nitro (NO2), halogen, CF3, CN, CONH2, S02Me, 
CONHMe, cyclic C1.5 alkylamino, imidazolyl, Ci-6 alkylpiperazinyl, morpholino, thiol 

5 (SH), thioether (SRx), tetrazole, carboxy (COOH), carboxylate (COORx), sulphoxy 
(S(=0)20H), sulphonate (S(=0)20Rx), sulphonyl (S(=0)2Rx), sulphixy (S(=0)OH), 
sulphinate (S(=0)ORx), sulphinyl (S(=0)Rx), phosphonooxy (OP(=0)(OH)2), and 
phosphate (0P(=0)(0Rx)2), where Rx, Rx^ and Rx^ are independently selected from a 
C1.6 alkyl group, a C3.20 heterocyclyl group or a C5-20 aryl group, two or more of the 

10 substituents R^ R^ B?, R*, and R^ optionally being connected to one anotiier to form 
one or more aliphatic or aromatic cyclic structures, 
or 

G, J, and M may also be selected from the group of P and hydrogen with the proviso 
that if two of G, J, and M are hydrogen, the remaining group must be 




and at the same time be conjugated to 




20 g, h, i, j, k, 1, m, n, o, h% g', k', j', n', m' are independently 0, 1, or 2 with Ihe provisos 
that 

if G = hydrogen or P, g, h, i, h', and g' all equal 0; 
if J = hydrogen or P, j, k, 1, k', and j' all equal 0; 
if M = hydrogen or P, m, n, o, n', and m' all equal 0; 
25 ifG,H,I, J,K,L,M,N,orOis 
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1iieng + g' = l,h + h' = l,i-l,j+j'-l,k + k'==l,l=l,m + m' = l,n + n' = l,oro = 
1, respectively; 

if G, H, I, J, K, L, M, N, or O is 



theag + g' = 2,h + h' = 2,i = 2j+j' = 2,k + k' = 2,l = 2,m + m' = 2,n + n' = 2,oro = 
1, respectively; 

if g' = 0 and G is not hydrogen or P, then h, h', and i equal 0 and g > 0; 
10 if g = 0 and G is not hydrogen or P, then g' > 0; 
if g' >Oandh' = 0,theni = 0 andh>0; 
if g' > 0 andh = 0, thenh' > 0 and i > 0; 

ifj' =0 and J is not hydrogen or P, then k,k% and 1 equal 0 and j > 0; 
if j = 0 and J is not hydrogen or P, flien j' > 0; 
15 ifj' >Oandk' =0,thenl = Oandk>0; 
if j' > 0 andk = 0, thenk' > 0 and 1 > 0; 

if m' = 0 and M is not hydrogen or P, then n, n', and o equal 0 and m > 0; 
if m = 0 and M is not hydrogen or P, then m' > 0; 
if m' > 0 and n' = 0, then o = 0 and n > 0; 
20 if m' > 0 and n = 0, then n' > 0 and o > 0; 

w and X are independently an integer from 0 (included) to 5 (included); 
with the proviso that 

if the compound contains only C and no D, no E, and no F are present, and B = NR^ 
and G and M are H, and g, h, i, h', g', k, 1, k*, 1\ m, n, o, n', and m' are 0, and J = 



5 




25 



^ ,andj=2,andQ = -O-CO-,andwandxa^e0,andR^R^R^andR^a^e 
H, then at least one of the leaving groups Z is not connected to Q via an aliphatic 




ammo group. 



' i 
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According to another preferred CTibodiment of the invention the l,(4+2n) electronic 
cascade spacers W and X are independently selected from compounds having the 
formula 




Q« = -r5c=CR^-. S. O, NR^, -R^C=N-, or -N=CR5- 
B = NR^, O, S 
P = C(R3)(R^)Q 

5 wherein 

Q has no meaning or is -0-C0-; 

t, u, and y are independently an integer of 0 to 5; 

T, II, and Y are independently selected from compoimds having the formula: 




wherein R\ R^, R^, R^ R^, R^, R^, R^ and R^ independently rq>resent H, Cue alkyl, C3- 
20 heterocyclyl, C5-20 aryl, Ci^ alkoxy, hydroxy (OH), amino (NH2), mono-substituted 
amino (NRxH), di-substituted amino (NRx^Rx^), nitro (NO2), halogen, CF3, CN, 

15 CONH2, S02Me, CONEIMe, cyclic C1-5 alkylamino, imidazolyl, Ci^ alkylpiperazinyl, 
moipholino, thiol (SH), thioether (SRx), tetrazole, caiboxy (COOH), carboxylate 
(COORx), sulphoxy (S(=0)20H), sulphonate (S(=0)20Rx), sulphonyl (S(=0)2Rx), 
sulphixy (S(=0)OH), sulphinate (S(=0)ORx), sulphinyl (S(=0)R^, phosphonooxy 
(0P(=0)(0H)2), and phosphate (0P(=0)(0Rx)2), where Rx, Rx^ and Rx^ are 

20 independently selected from a Ci-e alkyl group, a C3-20 heterocyclyl group or a C5-20 
aryl group, two or more of the substituents R\ R^ R^, R"*, R^, R^, R'', R^ or R^ 
optionally being connected* to one another to form one or more aliphatic or aromatic 
cycUc structures. 
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la a preferred embodiment leaving groups Z are linked to the self-eliminating multiple 
release spacer or spacer system via an O, S or aromatic N of the leaving group. 



In order to furttier clarify the above mentioned formulae, compound 26 depicted in 
5 figure 13 will serve as an example. This compound is a compound of the formula 

V-(W-)w(X-)xC(D((A-)aZ)d)c. It contains two generations of double release spacers, to 
which 4 end groups Z have been coupled. The specifier V is [O], which means that V- 
B is an oxidized form of B (part of C). Reduction of this functionality induces self- 
elimination. Such moiety V-B can be chemically reduced, but it can also be reduced 
10 under physiological conditions under hypoxic conditions, or by a nitroreductase, Z is 
paclitaxel. No single release spacer is incorporated in between the specifier [O] and the 
multiple release spacers, which means that w = x = 0. C is the double release spacer 
containing the benzylidene-propane-l,3-bis-oxycarbonyl imit, which eliminates 
according to the principle depicted in figure 8. No cyclization elimination spacer is 
15 present, which means that a = 0. Because two double release spacers have been coupled 
to the first double release spacer, d = c = 2. 

In general, multiple release spacers disclosed in this invention possess multiple release 
characteristics because they are branched on two levels; i) branching on the aromatic 

20 ring where both ortho and para-substituents with respect to the location of Ihe specifier 
can be introduced, and ii) branching by incorporation of additional conjugated double 
bonds at para and^or ortho positions of the aromatic rings, where the terminal C-atom 
of the double bond provides a branching point where two leaving groups can be 
attached. Theoretically, these two elements for branching self-elirninating spacers to 

25 obtain multiple release spacers or spacer systems can be infinitely extoaded. 

In addition to incorporation of one or more (generations of) self-eliminating multiple 
release spacers, it may also be desirable to incorporate a single release, also called 
unbranched, self-eliminating spacer or spacer system in between the specifier and the 
30 first multiple release spacer. This may facilitate the activation step. This single release 
self-eliminating spacer or spacer system is described by -(W-)w(X-)x. Furfliermore, it 
may be desirable to add single release self-eliminatiQg spacers or spacer systems to a 
previous generation, coupled to a next generation of multiple release spacers (thus 
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obtaining a previous generation of multiple release spacer systems), or to the highest 
generation of multiple release spacer(s) before leaving groups Z in order to increase the 
surface area of the final conjugate. This may increase the numbei- of end groups that 
can be accommodated and it may also increase the final size of the conjugate, which 
5 may go together with certain advantages, such as for example benefiting fi-om the 
Enhanced Penneabihty and Retention (EPR) effect. Furthermore, when only aniline- 
based multiple release spacers are used, comiection of single release phenol- or 
thiophenol-based spacers to a generation of multiple release spacers or, preferably, to 
the highest generation of multiple release spacers before leaviag groups Z enables the 
1 0 release of two or more leaving groups Z that are coupled with their aliphatic amino 
group to the multiple release spacer system. 

When only aniliae-based multiple release spacers are used and no single release 
phenol- or thiophenol-based spacers are incorporated into the multiple release spacer 
system to which leaving groups Z are coupled with their aliphatic amino group only 1 

15 Z group will be released. This is also true for incorporation of single release aniline- 
based spacer(s) in the multiple release spacer system to which leaving groups Z are 
coupled with their aliphatic amino group. Single release spacers that are added to a 
generation of multiple release spacers, or to the highest generation of multiple release 
spacer(s) before leaving groups Z or reactive moieties S are represented in the above 

20 formulae by -(W-)w(X-)x m P, which is a part of C, D, E, and F. 

In general, aniline-based single release or multiple release sfpacers are preferred over 
phenol- or thiophenol-based single release or multiple release spacers. The above 
shows, however that it migjit sometimes be bCTieficial to include phenol- or fhiophenol- 

25 based single release spacer in the multiple release spacer system. For the same reason, 
it is sometimes beneficial to include phenol- or thiophenol-based multiple release 
spacers. In general, to release two or more Z groups that are connected to the multiple 
release spacer or spacer system via an aUphatic amino group, at least one, preferably 
all, multiple release spacers or spacer systems of either generation C, D (if present), E 

30 (if present), or F (if present), preferably the one(s) connected to either A, Z, or S, have 
to be phenol- or thiophenol-based multiple release spacers or spacer systems, meaning 
that 
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i) B = O or S for at least one, preferably all, multiple release spacers in that generation, 
or 

ii) when B = N for all multiple release spacers in said generation, at least one single 
release spacer is connected to at least two branches of at least one, preferably all, 
multiple release spacer in said generation, and B = O or S for at least two of those 
single release spacers. 

In the formulae above, Q is preferably O-CO, but it may also have no meaning. For 
example, a compound with an aryl ether Unkage between self-elimination spacer and 
leaving group, where the oxycarbonyl function is lacking (Q has no meaning), has been 
reported to undergo self-elimination as well^\ 

The principle of 1,6-eHmination, as such developed by Carl et al. in 1981, can be 
considered one of the most versatile self-elimination principles that can be used in 
prodmg design. According to this principle, spacer eUraination proceeds via the 
mechanism depicted in JBgure 5. This particular elimination process has proven to be 
very successful when appUed in the prodmg concept. Spacers that self-eliminate 
through an electronic cascade sequence as indicated ia figures S and 6 generally show 
much faster half-lives of elimination than do spacers that eliminate via a cyclization 
reaction. This is a significant difference between cyclization spacers and electronic 
cascade spacers. 

Elongated self-elimination spacers can be incorporated between a cleavable moiety and 
leaving group, for example between specifier and drug as disclosed in WO 02/083180 
(see also ref. 29). Increasing the length of self-elimination spacers may have (an) 
additional advantage(s). Self-elimination spacers with increased length may increase 
the rate and/or efficiency of activation of conjugate or prodmg. As a result, dmg release 
characteristics may be enhanced through long spacers. The self-elimination spac^ or 
spacer systems of the present invention can also be longer than conventional self- 
elimination spacers, such as for example tiie 1,6-elimination spacer^ because they are 
elongated themselves or because multiple self-elimination linkers are combined within 
one multiple release spacer system. Thus, the spacers or spacer systems of the present 
invention can be branched, but in addition they can be elongated. Both factors (length 
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and degree of branching) of a spacer or spacer system must be carefully considered 
when designing conjugates or prodrugs. A high degree of branching may be 
disadvantageous for the efficiency of activation of the conjugate or prodrug, especially 
when the branching points are in close proTcimity to the site of activation. When a high 
5 degree of branching is desirable in order to accommodate many leaving groups Z, it 
may be beneficial to incorporate single release self-elimination spacers in between the 
specifier V and the branching point(s). It may increase the efficiency of activation. 

Connection of single release spacer(s) to generations of multiple release spacers may 
10 enable an increase of the total number of end groups that can be incorporated because 
the surface of the outer sphere is increased by incorporation of additional single release 
spacer(s), and as a result more end groups (for example drugs) can be accommodated. 
To obtain a conjugate or prodrug that possesses the desired properties, a considered 
choice of a specific multiple release spacer or spacer system optionally including one or 
1 5 more single release self-elimination spacers, must be made. 

The novel self-eliminating multiple release spacers disclosed in this invention may be 
coupled to one anotiier to yield multiple release spacer systems in which the spacers are 
coupled through aryl-carbamate functions, by en^loying hydroxybenzotriazole as a 
20 catalyst to couple an aromatic amine to a p-nitrophenyl carbonate. 

The invention is in another aspect related to compounds of the above-mentioned 
formulas wherein A is a cyclization spacer, further called oo-amino aminocarbonyl 
cyclization spacer having a formula selected from 



wherein: 

a is an integer of 0 or 1; and 
30 b is an integer of 0 or 1; and 

c is an integer of 0 or 1 ; provided that 
a + b + c = 2or3; 



25 
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and wherein and independently represent H, Ci^ alkyl, said alkyl being 
optionaUy substituted with one or more of the foUowing groups: hydroxy (OH), ether 
(ORx), amino (NH2), mono-substituted amino (NRxH). di-substituted amino (NRx^Rx^ 

5 nitro (NO2). halogen, CF3, CN, CONH2, SOjMe, CONHMe, cycUc C1.5 alkylamino. 
imidazolyl. Ci-6 alkylpiperazinyl, moipholino, thiol (SH), thioether (SR^O, tetrazole, 
carboxy (COOH), carboxylate (COORx), sulphoxy (S(=0)20H), sulphonate 
(S(=0)20Rx), sulphonyl (S(=0)2Rx), sulphixy (S(=0)OH), sulphinate (S(=0)ORx), 
sulphinyl (S(=0)Rx), phosphonooxy (0P(=0)(0H)2), and phosphate (0P(=0)(0Rx)2), 

10 where Rx, Rx^ and Rx^ are selected from a Ci^ alkyl group, a C3.20 heterocyclyl group 
or a C5-20 aryl group; 

r2 has no meaning when S has no meaning, which means that a double bond is present 

between the rightmost nitrogen atom and the carbonyl group (N=C=0); and 

R^ R^ R^ R^ R', and R^ independently represent H, Ci-e alkyl, C3-20 heterocyclyl, C5- 

15 20 aryl, Ci^ alkoxy, hydroxy (OH), amino (NH2), mono-substituted amino (NRxH), di- 
substituted amino (NRx^Rx"), nitro (NO2), halogen, CF3, CN, CONH2, S02Me, 
CONHMe, cychc C1-5 alkylamino, imidazolyl, Ci-e alkylpiperazinyl, morphoHno, thiol 
(SH), thioether (SRx). tetrazole, caiboxy (COOH), carboxylate (COORx), sulphoxy 
(S(=0)20H), sulphonate (S(=0)20Rx), sulphonyl (S(=0)2Rx), sulphixy (S(=0)OH), 

20 sulphinate (S(=0)ORx), sulphinyl (S(=0)Rx), phosphonooxy (0P(=0)(0H)2), and 
phosphate (0P(=0)(0Rx)2), where Rx, Rx' and Rx^ are selected from a €1^5 alkyl group, 
a C3.20 heterocyclyl group or a C5-20 aryl groiq); and 

wherein R^ R^ R^ R*, R^ R^ R\ and R* can be a part of one or more ahphatic or 
aromatic cychc structures, two or more of the substituents R^ R^ R^, R**, R^, R , R , or 
25 R* optionally bemg connected to one another to form one or more ahphatic or aromatic 
cychc structures. 

The ©-amino group of the cD-amino aminocaibonyl cycUzation spacer A does not need 
to be in close proximity to a particular election-withdrawmg substituent nor does it 
30 need to be an aromatic nitrogen, when it is connected to a multiple release spacer 

system that contains phenol- or thiophenol-based spacers in one generation, preferably 
L the highest generation (which is the one connected to A, Z, or S). 



mi 
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The ©-amino group of the co-amino aminocarbonyl cyclization spacer should possess 
sufficient leaving group ability. In a preferred embodiment the co-amino group of the co- 
amino aminocarbonyl cyclization spacer is an N-aryl or an aliphatic N wherein the N is 
positioned in proximity of an electron-withdrawing group, such that the electron- 
5 withdrawing group can properly exert its electron-withdrawing property so that the 
leaving group abiUty of the ©-amino group is increased. The nucleophiUcity of the 
leaving amino group should however be sufficient to allow for a sufficiently fast 
cycli2;ation reaction. 

10 In a further embodiment the invention relates to a compound, wherein group A is an ©- 
amino aminocarbonyl cyclization spacer, and Z is a moiety coupled via its hydroxyl 
group to A. 

Preferred compounds according to the invention are those wherein 
15 (W-)w(X-)xCc, 

(W-)w(X-)xC(Dd)c, 

(W-)w(X-)xC(D(Ee)d)cOr 

(W-)w(X-)xC(D(E(Ff)e)d)c 

is selected from the group consisting of 





R<=OcirOC(O)0 
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and from the compounds depicted above wherein single release 1,6-elimination p- 
aminobenzyloxycarbonyl spacer(s) are replaced by single release 1,8-eliminationp- 
aminocinnamyloxycarbonyl spacer(s). 

In a further embodiment the compounds depicted in the previous paragraph fiirtha: 
comprise (O-amino aminocarbonyl cyclization spacers A. 

The invention also relates to the self-eliminating multiple release spacers or spacer 
systems per se as described in this invention. The invention thus relates to compounds 
as defined above without specifier V and with Z or S is H or OH, exemplified by for 
instance aminotriol 16 (fig 11) and aminodiol 23 (fig 13), extending to spacer systems 
comprising more than one spacer. 

Also the invention relates to derivatives of the self-eliminating multiple release spacers 
or spacer systems per se that can be used for facilitating coupling wifli specifiers, 
leaving groups, reactive moieties or spacers. For instance an amino group may be 
derivatized as its isocyanate and an alcohol group may be derivatized as its p- 
nitrophenyl carbonate. Other derivatizations are well within the knowledge of the 
skilled person. 

One end of the spacer or spacer system must be able to react with the specifier, for 
example the tripeptide that is a substrate for plasmin. Typically, this end of the spacer 
or spacer system is an amino group or a hydroxyl group, but it can also be another 
fimctionality. The functionalities at the other end of the linker or linker system must be 
able to react with the leaving group Z (the drug). Typically, these ends of the multiple 
release spaca: or spacer system are hydroxyl groups, but they can also be other 
functionalities. In one embodiment, these functionalities react witih the hydroxyl group 
of the drug to form for example carbonate linkages between lu3ker and drug. In another 
embodiment, these functionalities react witii the aromatic amino group of the drug to 
form for example N-aryl carbamate linkages between linker and drug. In again another 
embodiment, these functionalities react with the sulfhydryl group of the drug to form 
for example oxycarbonylthio linkages between linker and drag. In again another 
embodiment these functionalities react with the carboxylic acid group of the drug. If 
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spacers A are included in the spacer system, typically the hydroxyl group of the drug is 
reacted with A to form carbamate linkages between A and Z. 

In the compounds of the invention the specifier V typically contains a substrate 
5 molecule that is specifically cleaved by an enzyme present in the vicinity of or inside 
the target cells, for example timior cells. More preferably, the specifier V contains a 
substrate that is specifically cleaved by an enzyme present at elevated levels in the 
vicinity of or inside the target cells as compared to other parts of the body, and most 
preferably the enzyme is present only in the vicinity of or inside the target cells. In an 
10 embodiment suitably the specifier V constitutes a targeting moiety in order to target the 
compounds to specific cells. 

In the compounds of the invention, the specifier V may also contain a reactive moiety 
that can react with a targeting moiety that can target the resulting compounds to the 

15 target site by selective binding to a receptor or other receptive moiety associated with a 
given target cell population or by causing accumulation of the compounds of the 
invention in the vicinity of or inside the target cells by another mechanism. In case 
these compounds contain two or more reactive moieties S, the compounds are from 
hereon called '*bifimctional linkers". When the compounds comprise two or more 

20 moieties the compounds are firom hereon called '^onofimctional spacer-leaving 

group conjugates". Both bifimctional linkers and monofimctional spacer-leaving group 
conjugates can be used to prepare prodrugs of the present invention that contain a 
^ecifier with a targeting group as well as a substrate specifically cleavable at the target 
site, a multiple release sipacer system and two or more leaving groups Z. 

25 Although in this invention spacers and spacer systems are described that are able to 

release multiple leaving groups, it is obvious that monofimctional spacer-leaving group 
conjugates and bifunctional linkers can also be designed that contain single release 
spacers and spacer systems, such as for example described in WO 02/83 180 and EP 
1243276, which are incoiporated by reference. 

30 

In an aspect of the invention, the reactive moiety in V is reacted with a nucleophilic 
group on a targeting moiety, e.g., a thiol group, an amino group, or an aldehyde group, 
to form a new specifier V that contains a targeting moiety. 
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In a preferred aspect of the inveation, the reactive moiety in V is reacted with a 
nucleophilic group on a protein or protein fragment, e.g., a thiol group, an amino group, 
or an aldehyde group, to form a new specifier V that contains a protein or a protein 
fragment as the targeting moiety. 
5 In a more preferred aspect of the invention, the reactive moiety in V is reacted with a 
nucleophilic group on an antibody or antibody fragment, e.g., a thiol grorq), an amino 
group, or an aldehyde group, to form a new specifier V that contains an antibody or 
antibody fiiagment as the targeting moiety. 

In another more preferred aspect of the invention, the reactive moiety in V is reacted 
10 with a nucleophilic group on a peptide vector or receptor-binding moiety, e.g., a thiol 
group, an amino group, or an aldehyde group, to form a new specifier V that contains a 
peptide vector or receptor-binding moiety as the targeting moiety. 

In a preferred embodiment the reactive moiety in V is, without limitation, 
O 

H H N=\ 

or ^^Y^^ °* 

O O 

15 O 

wherein X is een leaving group. These reactive moieties can be used to couple a 
targeting moiety having a nucleophihc group, e.g., a thiol group, to the specifier V 
having such a reactive moiety to form a new specifier V that contains a targeting 
moiety. 

20 In a more preferred embodiment of the invention, the reactive moiety in V is, without 
limitation. 




Q 



H H ^ N 



or — s— S 




O 

and is reacted with a nucleophilic group on a protein or protein fragment, e.g., a thiol 
group, to form a new specifier V that contains a protein or a protein firagment as the 
25 targeting moiety. 

In another more preferred embodiment of the invention, the reactive moiety in V is, 

without limitation. 
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and is reacted with a nucleophilic group on an antibody or antibody fragment, e.g., a 
thiol group, to form a new specifier V that contains an antibody or antibody fragment 
as the targeting moiety. 

5 In another more preferred embodiment of the invention, the reactive moiety in V is, 
wifliout limitation. 




and is reacted with a nucleophilic group on a peptide vector or receptor-binding moiety, 
e.g., a thiol group, to form a new specifier V that contains a peptide vector or a 
1 0 recq>tor-binding moiety as the targeting moiety. 

In another preferred embodiment, the reactive moiety in V is, without limitation, an 
activated ester such as aiV-hydroxysuccinimide ester, a /7-nitrophenyl ester, a 
pentafluorophenyl ester, and fiirther an isothiocyanate, isocyanate, anhydride, acid 
15 chloride, sulfonyl chloride, or aldehyde. These reactive moieties can be used to couple 
a targeting moiety having a nucleophiUc group, e.g., an amino group, to the specifier V 
having such a reactive moiety to form a new specifier V that contains a targeting 
moiety. 

In a more preferred embodiment of the invention, the reactive moiety in V is, without 
20 limitation, an activated ester such as a ;\^-hydroxysuccinimide ester, a /?-nitrophenyl 
ester, a pentafluorophenyl ester, and fbrtber an isothiocyanate, isocyanate, anhydride, 
acid chloride, sulfonyl chloride, or aldehyde, and is reacted with a nucleophihc group 
on a protein or protein fragment, e.g., an amino group, to form a new specifier V that 
contains a protein or a protein fragment as the targeting moiety. 
25 In another more preferred embodiment of the invention, the reactive moiety in V is, 
without limitation, an activated ester such as a JV-hydroxysuccinimide ester, ajE?- 
nitrophenyl ester, a pentafluorophenyl ester, and further an isothiocyanate, isocyanate, 
anhydride, acid chloride, sulfonyl chloride, or aldehyde, and is reacted with a 
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nucleophilic group on an antibody or antibody firagment, e.g., an amino group, to foim 
a new specifier V that contains an antibody or antibody fragment as the targeting 
moiety- 

In another more prefered embodiment of the invention, the reactive moiety in V is, 
5 without limitation, an activated ester such as a iST-hydroxysuccinimide ester, a jp- 

nitrophenyl ester, a pentafluorophenyl ester, and further an isotiiiocyanate, isocyanate, 
anhydride, acid chloride, sulfonyl chloride, or aldehyde, and is reacted with a 
nucleophilic group on a peptide vector or receptor-binding moiety, e.g., an amino 
group, to fonn a new specifier V that contains a peptide vector or a receptor-bmding 
1 0 moiety as the targeting moiety. 

In another preferred embodiment, the reactive moiety in V is, without limitation, an 
amino group or a hydrazine group. These reactive moieties can be used to couple a 
targeting moiety having a nucleophiUc group, e.g., an aldehyde group, to the specifier 
15 V having such a reactive moiety to form a new specifier V that contains a targeting 
moiety. 

In a more preferred embodiment of the invention, the reactive moiety in V is, without 
limitation, an amino group or a hydrazine group, and is reacted with a nucleophihc 
group on a protein or protein fragment, e.g., an aldehyde group, to form a new specifier 

20 V that contains a protein or a protein fragment as the targeting moiety. 

In another more preferred embodiment of the invention, the reactive moiety in V is, 
without limitation, an amiQO group or a hydrazme group, and is reacted with a 
nucleophilic group on an antibody or antibody fragment, e.g., an aldehyde group, to 
form a new specifier V that contains an antibody or antibody fragment as the targeting 

25 moiety. 

In another more preferred embodiment of the invention, the reactive moiety in V is, 
without limitation, an amino group or a hydrazme group, and is reacted with a 
nucleophilic group on a peptide vector or receptor-binding moiety, e.g., an aldehyde 
group, to form a new specifier V that contains a peptide vector or a receptor-binding 
30 moiety as the targeting moiety. 

The specifier V may also contain a moiety that targets the compounds of the mvention 
to the target site by selective binding to a receptor or other receptive moiety associated 



wo 2004/043493 PCT/NL2003/000804 

39 

with a given target cell population or by causing accumulation of the compounds of the 
invention in the vicinity of or inside the target cells by another mechanism. This 
targeting moiety may, for example, be bombesin, transferrin, gastrin, gastrin-releasing 
peptide, a molecule that specifically binds avps and/or avPs-integrin receptors, such as 
5 RGD-containing peptides, platelet-derived growth factor, IL-2, IL-6, a tumor growth 
factor, vaccinia growth factor, insulin and insulin-like growth factors I en U, an 
antigen-recognizing immunoglobulin or an antigen-recogtiizing fragment th^eof, or a 
carbohydrate. Preferably, that antigen recognized by the immunoglobulin (or fragment 
thereof) is specific for the target cells, e.g. a tumor-specific antigen. 

10 

In one embodiment, the specifier V contains a di-, tri-, or oligopeptide which consists 
of an amino acid sequence specifically recognized and thus cleavable by a protease, for 
example plasmin, a cathepsin, cathepsin B, prostate-specific antigen (PSA), urokinase- 
type plasminogen activator (u-PA), or a member of the family of matrix 
15 metalloproteinases, present in the vicinity of or inside the target cells, for example 
tumor cells. Typically, the specifier V contains a substrate for the serine protease 
plasmin. 

In another embodiment, V contains a substrate for one or more of the cathepsins, 
20 typically cath^sin B. In again another embodiment, V contains a p-glucuronide fliat is 
specifically recognized by P-glucuronidase present in the vicinity of or inside tumor 
cells. In again another embodiment the specifier is [O], yielding for example a liitro 
group that can be reduced under hypoxic conditions or by nitroreductases. In another 
embodiment V is a nitro-(hetero)aromatic moiety, for example nitrobenzyloxycarbonyl. 
25 After reduction of the nitro group or removal of the nitro-aromatic specifier, 
elimination of the spacers or spacer systems described in this invention leads to dmg 
release. It can be understood that any specifier that is specifically cleaved following 
recognition by a disease-specific and/or organ-specific and/or specifically targeted 
enzyme and/or receptor can be incorporated into conjugates and prodrugs that contain 
30 the spacers or spacer systems claimed in this inventioiL 

In one embodiment the invention relates to a compoimd wherein the specifier V 
contains a tripeptide. Preferably the tripeptide is linked via its C-terminus to the self- 
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eliminating multiple release spacer or spacer system. More preferably the C-terminal 
amino acid residue of the tripeptide is selected from arginine and lysine, the middle 
amino acid residue of the tripeptide is selected from alanine, valine, leucine, isoleucine, 
methionine, phraylalanine, cyclohexylglycine, tryptophan and proline, and theN- 
5 terminal amino acid residue of the tripeptide is selected from a D-amino acid residue 
and a protected L-amino acid residue including protected glycine. 

In a further embodiment the specifier V is selected from D-alanylphenylalanyUysine, 
D-valylleucyllysine, D-alanylleucyllysirie, D-valylphenylalanyllysine, D- 
1 0 valyltryptophanyllysiae and D-alanyltryptophanyllysine. 

It should be noted that specifier V, either in the form of a di-, tri-or oUgopeptide, or in 
any other form, may contaiQ protective groups. Such compounds comprising protected 
specifier V may not, when contacted with for instance specifier specific enzymes, 

15 release the leaving groups. However, when deprotected and suitably activated such 

compounds will release leaving groups and thus such compounds comprising protected 
specifier V also fall under the scope of this invention. In particular the above can be 
envisaged in relation to the bifimctional or monofimctional compounds 
V-CW.)w(X-)xC((A-)aS)c, 

20 V-(W.)w(X-)xC(D((A-)aS)d)c, 

V-CW-)w(X.)xC(D(E((A.)aS)e)d)c, 

V-(WOw(X.)xC(D(E(F((A-)aS)f^^^^^^ 

V-(W-)w(X.)xC((A-)aZ)c, 
V-(W-)w(X.)xC(D((A-)aZ)d)c, 

25 V-<W-)w(X-)xC(D(E((A-)aZ)e)d)c, and 

V-CW-)w(X-),C(D(E(F((AOaZ)f)e^^^^ 

mentioned earlier. Suitable protective groups for chemical fimctional groups, in 
particular for amino acids, are well known to the organic chemist and may for example 
be found in T.W. Grerae, Protective Groups in Organic Synthesis, John Wiley & Sons, 
30 New York, 1981. 



In yet a fiirther embodiment the invention relates to a compound wherein the specifier 
V is an arnino-tenninal capped peptide covalaitiy linked via the C-terminus to the self- 
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eliminating multiple release spacer or spacer system. Preferably the specifier V is 
selected j&om benzyloxycarbonylphenylalanyllysine, benzyloxycarbonylvalyUysine, D- 
phenylalanylphenylalanyllysine, benzyloxycarbonylvalylcitrulline, tert- 
butyloxycarbonylphenylalaayllysine, benzyloxycarbonylalanylarginylargiiiine, 
5 benzyloxycarbonylphenylalanyl-N-tosylarginine, 2- 

aminoethylthiosuccinimidopropionylvalinylcitrulline, 2- 

aminoethylthiosuccinimidopropionyllysylphenylalanyllysine, acetylphenylalanyllysine, 
and benzyloxycarbonylphenylalanyl-O-benzoylthreonine. 

10 The moiety Z is preferably a therapeutic or diagnostic moiety, but it can also be a 

hydrogen or OH group or a reactive moiety. A H or OH group or a reactive moiety may 
be accidentally introduced in a final conjugate during its synthesis, in case final 
coupling of leaving groups to the multiple release spacer or spacer system does not 
proceed completely. H or OH groups will not act as leaving group, but are not expected 

15 to inhibit elimination of leaving groups Z. 

Z can for instance be an anticancer drug, an antibiotic, an anti-inflammatory agent, or 
an anti-viral agent. Typically, the moiety Z is an anticancer dmg. Preferably the 
anticancer dmg is the hydroxyl containing etoposide, camptothecin, irinotecan (CPT- 
11), SN-38, topotecan, 9-aminocamptothecin, 9-nitrocamptothecin, 10- 

20 hydroxycamptothecin, GG21 1, lurtotecan, combrestatin, paclitaxel, docetaxel, 

esperamycin, l,8-dihydroxy-bicyclo[7.3.1]trideca-4-ene-2,6-diyne-13-one, anguidine, 
doxorabicin, morpholine-doxorabicin, N-(5,5-diacetoxypentyl) doxorubicin, 
daunorubicin, epirubicin, idarubicin, mitoxantrone, vincristine, vinblastine,, 
tallysomycin, bleomycin, 4-bis(2-chloroethyl)aminophenol, 4-bis(2- 

25 fluoroethyl)aminophenol, and derivatives thereof. 

The anticancer drug can also be the sulfhydryl containing esperamicin, 6- 
mercaptopurine, or derivatives thereof. The anticancer dmg can also be the carboxyl 
containing methotrexate, aminopterin, camptothecin (ring-opened form of the lactone), 
30 chlorambucil, melphalan, butyric acid and retinoic acid, and derivatives thereof. The 
anticancer drag can also be the azdridine amino containing or aromatic amino 
containing mitomycin C, mitomycin A, an anthracycline derivative containing an 
amine functionality with sufi&cient leaving group ability, mitoxantrone, 9- 



wo 2004/043493 PCT/NL2003/000804 

42 

aininocaiiq)tothecm, methotrexate, aniinopterin, taUysomycin, bleomycin, actinomycm, 
N,N-bis(2-chloroethyl)-p-phenyleiiediamme,N,N-bis(2-fluoroefliyl)-p- 
phenylenediamine, deoxycytidine, cytosine arabinoside, gemcitabine, and derivatives 
thereof. 

5 The anticancer drug can also be the aliphatic amino-containing ^umorubicin, 
doxorubicin, epirubicin, idarubicin, N-(5,5-diacetoxypentyl)doxorabicin, an 
anthracycline, N*-acetyl spermidine, l-(2-chloroethyl)-i;2-dimethanesulfonyl 
hydrazine, or derivatives thereof. 

10 In one embodiment Z is selected from pacUtaxel, docetaxel, or a derivative thereof, 

which is coupled to the self-eliminating multiple release spacer or spacer system via its 
2'-hydroxyl group. In a further embodiment Z is selected from camptothecin, 
irinotecan (CPT-11), SN-38, topotecan, 9-aminocamptothecin, 9-nitrocamptothecin, 
lO-hydroxycamptothecin, GG211, luitotecan, or a derivative thereof which is coupled 
15 to the self-eliminating multiple release spacer or spacer system via its 20-hydroxyl 
group. In yet a fiirther embodiment Z is selected from SN-38, topotecan, 10- 
hydroxycamptodiecin, etoposide, 4-bis(2-chloroethyl)aminopheiiol, 4-bis(2- 
fluoroethyl)aminophenol, combrestatin, or a derivative tbexeof, which is coupled to the 
self-ehminating multiple release qjaco: or spacer system via its phenolic hydroxyl 
20 group. In a further embodiment Z is selected from 9-aminocamptothecia, NJ>r-bis(2- 
chloroethyl)-p-phenylenediamine, N,N-bis(2-fluoroethyl)-p-phenylenediamine, or a 
derivative thereof, which is coupled to the self-eliminating multiple release spacer or 
spacer system via its aromatic primary amme group. la yet a further embodiment Z is 
selected from doxorubicin, daunorubicin, epirubicin, idarubicin, or a derivative thereof, 
25 which is coupled to the self-eUmination multiple release spacer (system) via its 
aliphatic amino group, provided tiiat at least one generation of the multiple release 
spacar system, preferably the highest generation, contains phenol- or thiophenol based 
spacers. 

30 The moiety S is a reactilve moiety that enables coupling of moieties Z to the multiple 
release spacer (system). When the moiety S is connected via a carbonyl group to the 
multiple release spacer or spacer system, suitable S moieties include, without 
limitation, 7V^succinimidyl-7y/^oxide,/7-nitrophenoxide, pentafluorophenoxide. 
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carboxylates, halides, and sulfonates. When the moiety S is directly connected to the 
methylene group of the multiple release spacer system, suitable S moieties include, 
without limitation, halides and sulfonates. The moiety S may also be H or OH, in which 
case coupling to Z occurs by in situ conversion of S to a reactive moiety which is then 

5 substituted by Z in the same reaction mixture. 

The compounds of the invention that contain two or more moieties S can be used to 
prepare the compounds of the invention that contain two or more moieties Z. When the 
compoimds of the invention that contain two or more moieties S contain a specifier V 
that also contains a reactive moiety, the compoimds have been named bifunctional 

10 linkers. When the compounds of the invention that contain two or more moieties S 
contain a specifier V that does not contain a reactive moiety, the compounds are fi-om 
hereon called "monofimctional specifier-spacer conjugates". Although in this invention 
spacers and spacer systems are described that are able to release multiple leaving 
groups, it is obvious that monofimctional specifier-spacer conjugates and bifimctional 

1 5 linkers can also be designed that contain single release spacers and spacer systems, 
such as for example described in WO 02/83180 and EP 1243276, which are 
incorporated by reference. 

Preferred compounds according to the invention are those selected &om the group 
20 consisting of 
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R»BOH&R" = »OHor 

RnsH&R«s»OHar 

RWsOH&R"B|)-OH 



and salts thereof. 

5 A compound consisting of an amino-tenninal capped peptide covalently linked via one 
single /7-lSIH-Ph-CH=C(CH20CO-)2 spacer to two doxorubicin molecules is excluded 
from liie scope of this invention- Further compounds consisting of an amino-tenninal 
c^ped peptide covalently linked via one single j^-NH-Ph -CH=C(CH20CO-)2 spacer to 
two anticancer drug molecules may or may not be excluded from the scope of this 

10 invention. 

When an enzyme needs to be quantitatively detected, incorporation of a multiple 
release spacer or spacer system into a compound or conjugate that is enzymatically 
cleaved by said enzyme increases the sensitivity of such an assay as one enzymatic 
1 5 cleavage can liberate numerous detectable molecules. 

Detection or determination of an enzyme, for example a protease, in a sample can be 
performed by incubating the sample with a compound containing a multiple release 
spacer or spacer system according to this invention, which is a substrate for the 
20 (proteolytic) enzyme, and observing (proteolytic) cleavage of said substrate. The phrase 
"determining an enzyme" means both qualitative analysis, i.e. detecting the presence of 
the enzyme, detertnining whether it is present, and quantitative analysis, i.e. 
quantifying the enzyme, determining the enzyme activity present in the sample. 

25 For many proteases chromogenic or fluorogenic peptide substrates have been devised 
which are often commercially available. In many cases, for example in case of serine 
proteases, the enzymes do not recognize the sequence which is C-terminal to the 
hydrolyzed bond. This part can be replaced by a chromogenic or fluorogenic leaving 
group like p-nitroaniline or p-naphtylamine. Such chromogenic or fluorogenic 

30 compounds can serve as leaving group Z in compounds of the present invention. The 
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multiple release spacer or spacer system may increase the sensitivity that can be 
obtained for detection and quantification of physiological concentrations of enzymes in 
biological fluids or tissue-extracts. 

5 An enzyme can also be indirectly determined via its pro-enzyme containing a 

recognition site, e.g., an activation site, cleavable by said enzyme to be determined. 
Cleavage of the pro-enzyme can in such case be detected by observing the resulting 
activity using a suitable substrate of Ibe activated pro-enzyme, the substrate containing 
a multiple release spacer or spacer system of the present invention. 

10 

In one embodiment the invention relates to a diagnostic assay process in which a 
compound according to the invention is used. 

In a further embodiment the iavention relates to a process in which the presence or 
1 5 amount of an enzyme is determined by using a compound according to the invention. 

In yet a further embodiment the invention relates to a process iq which the presence or 
amoimt of a protease is determined by using a compound according to the invention. 

20 In a further embodiment the invention relates to a process in which the compound 
according to the invention that is used comprises a substrate for said protease and 
leaving group Z is detected. 

In yet a further embodiment the invention relates to a process in which the compound 
25 according to the invention that is used comprises a substrate for an enzyme, which is 
the product of cleavage of its pro-enzyme precursor by said protease and leaving group 
Z is detected. 

The specifier V may also comprise a polymer, such as for example polyPM-(2-hydroxy- 
30 propyl)methacrylamide] (poly-HPMA), poly-glutamic acid (poly-L-glutamic acid 

(PG)), or poly(ethylene) glycol (PEG), which causes accumulation of compoimds of the 
invention in the vicinity of or inside the target cells, e.g. tumor cells, because of the 
Enhanced Permeability and Retention (EPR) effect. These polymers may as such be 
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regarded as a targeting moiety. Two or more molecules of the invention may also be 
coupled to a central (core) monomeric or polymeric molecule to obtain a larger 
structure that could accumulate as a result of the EPR effect, in addition to other 
mechanisms of accumulation. Suitable polymers are for example poly[N-(2-hydroxy- 
5 propyl)methacTylamide] (poly-HPMA), poly-glutamic acid (poly-L-glutamic acid 
(PG)), or poly(ethylene) glycol (PEG). Thus the invention also relates to a composite 
structure comprising two or more compounds according to the invention, connected 
with a polymeric structure. 

10 Structures of multiple release spacers are disclosed that can serve as suitable monomers 
to construct the multiple release dendrimeric prodrugs or (bio)conjugates. A suitable 
monomer is able to release 2 or more leaving groups after activation. One herein 
disclosed structure of such multiple release monomer is depicted in figure 7. Triple 
release from this monomer, as depicted in figure 7, is based on the principles of 

15 unbranched 1,4- and 1,6-elimination spacers^^. After unmasking of the amine of 1 

(figure 7), 2 can undergo an electronic cascade reaction, after which the reactive non- 
aromatic species 3 is immediately trapped by a nucleophile, such as for example water, 
to regenerate the aromatic amine fionction in 4. This process of self-elunination and 
trapping is repeated two more times, after which three leaving groups L-H have been 

20 liberated. The sequence in which the three electronic cascade elimination reactions take 
place as depicted in figure 7 was chosen randomly. In fact, the three fragmentations 
(two 1,4-eliminations and one 1,6-eliaiination) may occur in any random order. 
Emplojdng n generations of this monomer, cascade dendrimers can potentially be 
constructed that contain 3" end groups. 

25 

Figure 8 depicts the principle of drug release from a double release spacer. Self- 
elimiaation of this double release spacer is based on 1,8-ehmitiation. Deprotection of 
the amino group in 7, affording 8, sets the stage for 2 1,8-elimination reactions 
releasing 2 leaving groups L-H. 

30 

An amine or hydroxylamine can be generated from a masked amine through reduction 
of a nitro function to the corresponding hydroxylamine or amine fimction. Both the 
hydroxylamine and the amine derivatives induce self-eUnunation of the spacer. 
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To deliver proof of principle for multiple release of leaving groups from conjugates and 
prodmgs containing a multiple release spacer or spacer system as disclosed herein, 
compounds were synthezised that contain multiple leaving groups coupled as end 

5 groups to one or two generations of multiple release spacers. These compounds were to 
release the leaving groups upon reduction of the nitro group attached to the aromatic 
ring at the center of the multiple release linker or linker system. Reduction of the nitro 
group to the corresponding hydroxylamine or amine should trigger the multiple release 
cascade and simultaneously Uberate all leaving groups. Alternatively, removal of an 

10 Aloe protecting group to unmask the amine can trigger self-elimination. In addition to 
serving as compounds to deliver proof of principle, the synthesized nitroaromatic 
compounds that contain antitumor dmgs, such as pacUtaxel, as leaviQg groups caa be 
• considered for application in selective drug targeting to hypoxic areas in tumors, where 
the nitro group will be reduced. Altematively, these compoimds can be used as 

15 conjugates and prodrugs that are activated by nitroreductases which are targeted to 
tumor cells through one of tihte directed enzyme prodmg therapy (DEPT) approaches. 
The synthesis of these compounds is disclosed. 

The triple release building blocks nitrotriol 11 (figure 9) and aminotriol 16 (figure 11) 
20 can be synthesized followiag a number of routes. Several approaches to obtain the 
corresponding amino-tri-methylester or amino-tri-carboxylic acid have been reported 
starting from for example nitromesitylene^^ 

Synthesis of the double release building block nitrodiol 20 (figure 12) has been 
25 reported in the hterature^^. The double release building block aminodiol 23 (figure 13) 
can be synthesized by reduction of the nitro group of 2-p-nitrobenzylidene propane-1,3- 
diol 20. 

Proof of principle of triple release should be delivered with a monomeric model 
30 compound with a structure similar to 1 (figure 7). To. obtain such a compound, 

nitrotriol 11 was activated with excess /7-nitrophenyl chloroformate in the presence of 
diisopropylethylamine (DIPEA) and pyridine to yield triply activated compound 12 
(figure 9).^^ Triply activated 12 was subsequently reacted with benzyl alcohol to yield 
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model coii5)omid 13, or with phenethyl alcohol to yield model compound 14. Triply 
activated 12 was also reacted with benzylamine to obtain model compomid 15 (figure 
10). 

In order to obtain model compound 19 (figure 1 1), aminotriol 16 was N-protected with 
an Aloe group to yield 17, subsequently triply activated with p-nitrophenyl 
chlorofonnate to yield 18, and coupled with propylamine. 

Proof of principle for the fact that the dual release spacer with a structure similar to 10 
(figure 8) can indeed release both leaving groups is also disclosed in this invention. For 
this purpose, nitrodiol 20 was doubly activated with excess p-nitrophenyl 
chlorofonnate in the presence of diisopropylethylamine (DIPEA) and pyridine to yield 
doubly activated compound 21 (figure 12). Doubly activated 21 was subsequently 
reacted with paclitaxel to yield the desired model compound 22. 

In addition to delivering proof of principle for double release fi^om a spacer with a 
stmcture similar to 10 (figure 8), a model compound was synthesized for delivering 
proof of principle for release of 4 leaving groups fi-om a multiple release prodrug or 
(bio)conjugate containing 2 generations of double release spacers. For this purpose, two 
molecules of aminodiol 23 were coupled to doubly activated 21 using HOBt as a 
catalyst to yield tetraol 24 (figure 13). Tetraol 24 was quadmply activated with excess 
p-nitropheaiyl chlorofonnate in the presmce of diisopropylethylamine (DIPEA) and 
pyridine to yield quadrtply activated compound 25. Quadruply activated 25 was 
subsequently reacted with pacUtaxel to yield the desired model compound 26. 

Doubly activated 21 was also reacted with benzylamine to yield model compound 27 
(figure 14). To synthesize additional model compounds, doubly activated 21 was also 
reacted with the single release 1,6-elimination spacer to yield 28 (figure 15), which was 
subsequently activated using p-nitrophenyl chloroformate to yield 29. Doubly activated 
29 was reacted with p-methoxybenzylamine, p-chlorobenzylamine, or phenethyl 
alcohol, to yield model compounds 30, 31, and 32, respectively (figure 16). 
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To obtain a reference compound for demonstration of single 1,6-elimination, p- 
nitrobenzyl chloroformate 33 was reacted with benzylamine to yield model compoimd 
34 (figure 17). 

Two other reference compounds were also prepared (figure 18). Dibenzyl carbonate 35 
and 2'-0-cinnamyloxycaibonylpacUtaxel 36 were synthesized as reference compounds 
to demonstrate that these compounds remain intact upon treatment with conditions that 
are necessary for reduction of the nitro fimction of the model compounds described 
above. 

Although the conjugates, test compounds, and reference compounds are based on 
aniline-based spacers, it is obvious to one skilled in the art that similar compounds 
containing one or more phenol- or thiophenol-based spacers can be prepared 
analogously. 

In order to deUver proof of principle for release of all three leaving groups, .13 and 14 
were unmasked by reduction of the nitro group using zinc in the presence of acetic acid 
(figure 19). Within one hour thin layer chromatography indicated complete 
disappearance of starting compound and formation of a substantial amount of benzyl 
alcohol or phenethyl alcohol. NMR spectra of the products indicated complete 
formation office benzyl alcohol or phenethyl alcohol, no signals fix)m benzyl carbonate 
or phenethyl carbonate protons being present. 

When the nitro function of model compound 15 was reduced (figure 20), thin layer 
1 chromatography indicated formation of a single product However, formation of 

benzylamine was not or hardly observed. According to NMR, maximally 33 percent of 
benzylamine was released fix)m 15. 

Treatment of the model compound 19 (figure 21) with 
) paUadiumtetrakistriphenylphosphine and moipholine resulted in disappearance of 
starting compound within one hour. However, again no complete release of 
propylamine was observed. 
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In order to deliver proof of principle for release of both paclitaxel leaving groups, 22 
was unmasked by reduction of the nitro group using zinc in the presence of acetic acid 
(figure 22). Within 30 minutes thin layer chromatography indicated complete 
disappearance of starting compoimd and formation of a substantial amount of 
5 pachtaxel. An NMR spectrum of the product indicated complete formation of firee 
paclitaxel, no signals from paclitaxel-2'-carbonate protons were present. 

A similar reduction of the nitro group of the model compound 26, containing 2 
generations of multiple release spacers and containing 4 paclitaxel units, led to 
10 complete disappearance of starting material within 30 minutes and a substantial amount 
of paclitaxel was formed according to thin layer chromatogr^hy (figure 23). Also in 
tiiis case, an NMR q)ectrum of the product indicated complete formation of firee 
paclitaxel. 

15 Treatment of model compound 27, containing benzylamine as leaving groups (figure 
24), with zinc showed disappearance of starting compound. However, again no 
complete release of benzylamine was observed. 

Also model compounds 30 and 31, containing aliphatic amine leaving groups (p- 
20 mefhoxybenzylannne or p-chlorobenzylamine), were reduced. In both cases, within 30 
min, the starting compound was converted into a single product, however, again no free 
amine was formed. 

When the phenethyl alcohol leaving group contaioing compound 32 was reduced under 
25 the same conditions, the product showed to be completely converted into free phenethyl 
alcohol, as observed by ^H-NMR.. 

To verify whether the single release single release 1,6-elimination spacer self- 
eliminates when the leaving group is an aUphatic amine, compound 34 was reduced. 
30 NMR indicated complete release of benzylamine. 

The reference compounds 35 and 36 were also treated with zuic and acetic acid (figure 
28). Accordmg to ^H-NMR both compounds did not show any degradation, which 
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demonstrates that the liberation of leaving groups from the nitro-containing model 
compounds is not due to imwanted side reactions. 

From some reduction products of aliphatic amine leaving group containing model 
5 compoimds, NMR or thin layer chromatography showed in some cases after 1-3 
months following nitro reduction or Aloe deprotection, that percentages of Uberated 
leaving group remained xmchanged. In each case, no more than one equivalent of 
aliphatic amine was released. Both the herein disclosed double and triple release 
aniline-based multiple release spacers are not able to release more than one leaviag 

10 group, if the leaving group is an aUphatic amine. The multiple release structures as 
depicted in figures 7 and 8 have been shown in this invention to possess multiple 
release characteristics when the leaving group is an aromatic amine or an oxygen 
(hydroxyl). Apparently, the extent of electron-withdrawing capacity of the leaving 
groups determines whether more than one leaving groiq) can be liberated from the 

1 5 herein disclosed spacers. When the multiple release spacer is a phenol- or thiophenol- 
based multiple release spacer or when the multiple release spacer is coupled to single 
release phenol- or thiophenol-based spacers, aliphatic amines are also suitable leaving 
groups and release of all aliphatic amine leaving groups does occur. Aliphatic alcohols 
prove to be suitable leaving groups (e.g., from H2N-C6H4-CH==C(CH2-0-CO-2'-0- 

20 paclitaxel)2 two molecules of paclitaxel are released) and therefore release of phenol- 
based spacers, to which an aliphatic amine leaving groiq) is coimected, from a multiple 
release spacer (e.g., H2N-C6H4-CHK:(CH2-0-C(0)0-C6H4-CH20C(0)1^^R^)2) 
occurs by virtue of their increased leaving capability with respect to aliphatic alcohols. 
As elimination of aliphatic amines from hydroxybenzyl-based spacer-aHphatic amine 

25 conjugates is known^*^, release of aliphatic amines from spacer systems ia which the 
aliphatic amine is directly connected to a phenol-based spacer takes place as well. 

Upon removal or transformation of the specifier V in the compounds or prodrags 
disclosed in this invCTfion, thus upon unmasking of B of the branched spacer or spacer 
30 system coi^led to V, under physiological conditions, the reactive intermediate(s) formed 
after self-elimination is (are) likely to be trapped by water, thereby regenerating molecules 
like aminodiol 23 and/or aminotriol 16. When a multiple release conjugate or prodrug 
constructed with one of the monomers disclosed in this invention is used for drug deUveiy 
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purposes, the degradation products of the prodrag or (bio)coiijugate after the mult5)le self- 
elimination cascade must be non-toxic (except Scorn drugs to be released in tumor 
targeting approaches). Therefore, we have tested the aminotriol monomer 16 and 
aminodiol monomer 23 for their cytotoxicity in a panel of seven well-characterized human 
5 tumor cell hnes. Both compounds turned out to be non-toxic (see example 33). 

The total attainable number of end groups (e.g., drug moieties) per dendrimeric prodrug 
or conjugate may be restricted by steric conditions. When incorporation of multiple 
large bioactive end groups is desired, it is likely that only several generations of 
10 multiple release monomeric spacers can be used. The number of end groups that can be 
incorporated may be increased by addition of additional unbranched self-elimination 
spacer(s) (systems) to a generation of multiple release spacers or to the higbest 
generation of multiple release spacer(s) before leaving groups Z in order to enlarge the 
outer sphere surface, thereby enabling attachment of more end groups. 

15 

The electronic cascade self-elimination process of 4-aminobenzyl alcohol 1,6- 
elimination spacers is known to proceed with a short half-live. This is an important 
fector in drag delivery applications of self-elimination spacers, as fest drag release after 
site-specific activation is required. When a slower release of leaving groups is desired, 
20 the spacer monomer may be tuned such that the spacer elimination process is retarded. 
This can be of use when the functional multiple release spacers or spacer systems of 
this invention are used for controlled release purposes. 

Unbranched and branched monomelic aminobenzyloxycarbonyl and related electronic 
25 cascade spacers or spacer systems can be coupled to a next generation of monomeric 
spacers via carbamate bonds, which are presumably more stable under physiological 
conditions than ester or carbonate bonds*^^. 

In the present invention, the synthesis and application of new multiple release spacers 
30 and spacer systems is described. In one embodiment, the dual or triple release 

monomer(s) employed in the multiple release prodrag or (bio)conjugate release the end 
groups (drugs) through several consecutive 1,4-, 1,6-, or 1,8-elimiQations. Proof of 
principle of double or triple self-elimination was delivered upon chemical reduction of 
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the nitrobenzyl or nitrociimamyl derivatives containing benzyl alcohol, phenethyl 
alcohol, or paclitaxel as leaving groups (figures 19, 22, 23, 26). Complete release was 
observed by thin layer chromatography, and was unambiguously confirmed by NMR. 
Also the compound containing 2 generations of double release monomers and 4 
5 paclitaxel moieties was shown to release all end groups following reduction of the nitro 
group (figure 23). 

Obviously, unbranched self-elimination spacers may be incorporated in between the 
specifier and the multiple release spacers. This may be beneficial for the enzymatic 
10 removal or transformation of the specifier. A branched multiple release moiety directly 
coupled to the specifier may increase steric crowding around the specifier-spacer bond 
to be cleaved; additional single release self-elimination spacers may provide a solution 
here. 

15 Thus, for efficient removal or transformation of the specifier, in some cases it is 
particularly preferred to incorporate one or more single release self-elimination spacers 
in between specifier and one or more generation(s) of a multiple release spacer. This 
means that in compounds of formula 

V-(W-)w(X-)xC((A-)aZ)c, 

20 V-(W-)w(X-)xC(D((A-)aZ)d)c, 

V-(W-)w(X-)xC(D(E((A-)aZ)e)d)c, and 

V-(W-)w(X-)xC(D(E(F((A-)aZ)^e)d)c, 

w -f- X > 0. 

25 In addition, single release self-elimination spacers may be added to the highest 
generation of the multiple release spacer(s) before leaving groups Z. This may be 
bmeficial for enhanced release of Z, depending on the chemical nature of the function 
with which Z, preferably a dmg, is attached to the spacer. Incorporation of single 
release self-elimination spacers before Z (for example drug moieties) may be beneficial 

30 for the stability of the final product. If, for example, a self-elimination co-amino 
aminocarbonyl cyclization spacer is incorporated in between the single release or 
multiple release electronic cascade spacer and a leaving group that is connected 
through its hydroxyl group, the stabiHty of the final product may be increased when 
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iised under physiological conditions. Furfheimore, when only aniline-based multiple 
release spaces are used, addition of single release phenol- or thiophenol-based spacers 
to a generation of multiple release spacers or, preferably, to the highest generation of 
multiple release spacer(s) before leaving groups Z enables the release of two or more 
5 leaving groups Z that are coupled with their ahphatic amino group to the multiple 
release spacer system. 

When only aniline-based multiple release spacers are used and no single release 
phenol- or thiophenol-based spacers are incorporated into the multiple release spacer 
system to which leaving groups Z are coupled with their aliphatic amino group only 1 
10 Z group will be released. 



In yet another aspect the invention relates to the use of any of the compounds defined 
above for the manufacture of a pharmaceutical preparation for the treatment of a 
mammal being in need thereof The invention also relates to methods of treating a 
15 mammal being in need thereof, whereby the method comprises the administration of a 
pharmaceutical composition to the mammal in a therapeutically effective dose. 

In a further aspect the invention relates to a process for preparing a pharmaceutical 
composition containing a compound as defined^ above, to provide a solid or a liquid 
20 formulation for administration orally, topically or by injection. Such a process at least 
comprises the step of mixing the compound with a pharmaceutically acceptable carrier. 

The invention also relates to pharmaceutical compositions comprising the compounds 
of the mvention as defined above. The compounds of the invention may be 

25 administered in purified form together with a pharmaceutical earner as a 

pharmaceutical composition. The preferred form depends on the intended mode of 
administration and therapeutic or diagnostic appUcation. The pharmaceutical carrier 
can be any compatible, nontoxic substance suitable to dehver the compounds of the 
invention to the patient. Pharmaceutically acceptable carriers are well known in the art 

30 and include, for example, aqueous solutions such as (sterile) water or physiologically 
buffered saline or other solvents or vehicles such as glycols, glycerol, oils such as ohve 
oil or injectable organic esters, alcohol, fats, waxes, and inert sohds may be used as flie 
carrier. A pharmaceutically acceptable carrier may fiirther contain physiologically 
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acceptable compounds that act, e.g. to stabilize or to increase the absorption of the 
compounds of the invention. Such physiologically acceptable compounds include, for 
example, carbohydrates, such as glucose, sucrose or dextrans, antioxidants, such as 
ascorbic acid or glutathione, chelating agents, low moleciilar weight proteins or other 
5 stabilizers or excipients. One skilled in the art would know that the choice of a 

phannaceutically acceptable carrier, including a physiologically acceptable compound, 
depends, for example, on the route of administration of the composition. 
Phannaceutically acceptable adjuvants, buffering agents, dispersing agents, and the 
like, may also be incorporated into the pharmaceutical compositions. 

10 

For oral administration, the active ingredient can be administered in solid dosage 
forms, such as capsules, tablets, and powders, or in liquid dosage forms, such as elixirs, 
syrups, and suspensions. Active component(s) can be encapsulated in gelatin capsules 
together with inactive ingredients and powdered carriers, such as glucose, lactose, 

15 sucrose, mannitol, starch, cellulose or cellulose derivatives, magnesium stearate, stearic 
acid, sodium saccharin, talcum, magnesium carbonate and the like. Examples of 
additional inactive ingredients that may be added to provide desirable color, taste, 
stability, bufifering capacity, dispersion or other known desirable features are red iron 
oxide, silica gel, sodium lauryl sulfate, titanium dioxide, edible white ink and the like. 

20 Similar diluents can be used to make compressed tablets. Both tablets and capsules can 
be manufactured as sustained release products to provide for continuous release of 
medication over a period of hours. Compressed tablets can be sugar coated or fjlm 
coated to mask any unpleasant taste and protect the tablet from the atmosphere, or 
enteric-coated for selective disintegration in flie gastrointestinal tract Liquid dosage 

25 forms for oral administration can contain coloring and flavoring to increase patient 
acceptance. 

The compounds of the invention are however preferably administered parenterally. 
Preparations of the compounds of the ravention for parenteral administration must be 
30 sterile. Sterilization is readily acconq>lished by filtration through sterile filtration 
membranes, optionally prior to or following lyophilization and reconstitution. The 
parenteral route for administration of compoxmds of the invention is in accord with 
known methods, e.g. injection or infusion by intravenous, intraperitoneal. 
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intramuscular, intraarterial, or intralesional routes. The compounds of the invention 
may be administered continuously by infusion or by bolus injection. A typical 
composition for intravenouis infusion could be made up to contain 100 to 500 ml of 
sterile 0.9% NaCl or 5% glucose optionally supplemented with a 20% albumin solution 
5 and 1 mg to 10 g of the compound of the invention, depending on the particular type of 
compoimd of the invention and its required dosing regime. Methods for preparing 
parenterally administrable compositions are well known in the art and described in 
more detail in various sources, including, for example. Remington's Pharmaceutical 
Science^^. 

10 

The invention also relates to compounds as defined above, wherein the specifier V is 
removed or transformed by an enzyme that is transported to the vicinity of or inside 
target cells or target tissue via antibody-directed enzyme prodmg therapy (ADEPT)^ 
polymer-directed enzyme prodrug therapy (PDEPT) or macromolecular-directed 
1 5 enzyme prodrug therapy (MDEPT)^ virus-directed enzyme prodrug titierapy (VDEPT)^ 
or gene-directed enzyme prodrug therapy (GDEPT/, 

The invention is further exemplified by the following Examples. These examples are 
for illustrative purposes and are not intended to limit the scope of the invention. 

20 

EXAMPLES 
Example 1 

Activation of nitrotriol 11 to give triply activated 12 (see fig. 9). 100 mg (0,47 
rmnol) of nitrotriol 11 was dissolved in 6 mL of dry THF under an argon atmosphere. 

25 The solution was added dropwise to a solution of 4-nitrophenyl chlorofonnate (1.42 g, 
15 equiv) and pyridine (569 pL, 15 equiv) in 5 mL dry THF. The reaction mixture was 
stirred for 1 h, dichloromethane was added, and the organic layer was washed with 
10% citric acid and brine. The organic layer was dried over anhydrous sodium sulfate 
and evaporated to dryness. The product was purified by means of column 

30 chromatography (EtOAc/heptane 3/5) to afford 139 mg (42%) of triply activated 12. 
'H-NMR (300 MHz, CDCI3) 6 5.41 (s, 2H, CH2), 5.47 (s, 4H, CH2), 7.37-7.42 (m, 6H, 
aromatic), 7.76 (s, 2H, aromatic), 8.26-8.30 (m, 6H, aromatic) ppm; FAB-MS m/e 709 
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(M+H)"", 731 (M+Na)''; Anal. (C30H20O17N4) calculated C 50.86%, H 2.85%, N 7.91%, 
measured C 51,09%, H 3.13%, N 7.54%. 

Example 2 

5 Coupling of benzyl alcohol to triply activated 12 to give 13 (see fig. 9). Triply 
activated 12 (29.5 mg, 0.042 mmol) was dissolved in dry dichloromethane. Benzyl 
alcohol (13 ^L, 3.1 equiv) and DMAP (17 mg, 3.3 equiv) were added and the reaction 
mixture was stirred for 64 h. Dichloromethane was added and the organic layer was 
washed with saturated sodium bicarbonate, 10% citric acid, and brine, and dried over 
10 sodium sulfate. The product was purified by means of colxrnm chromatography 
(EtOAc/heptane 3/5) to afford 15 mg (59%) of desired product 13. ^H-NMR (300 MHz, 
CDCI3) 5 5.15 - 5.18 (m, 8H, benzyUc), 5.27 (s, 4H, benzyUc), 7.33 - 7.39 (m, 15H, 
aromatic benzyl alcohol), 7.52 (s, 2H, aromatic spacer) ppm. 

15 Example 3 

Coupling of phenethyl alcohol to triply activated 12 to give 14 (see fig. 9). Triply 
activated 12 (27 mg, 0.038 mmol) was dissolved in dry dichloromethane and the 
solution was cooled to 0 °C. Phenethyl alcohol (16 |xL, 3.5 equiv) and DMAP (16 mg, 
3.5 equiv) were added and the reaction mixture was allowed to reach Rt and was stirred 

20 for 40 h. Dichloromethane was added and the organic layer was washed with saturated 
sodium bicarbonate, 10% citric acid, and brine, and dried over sodium sulfate. The 
product was purifiied by means of column chromatogr^hy (EtOAc/heptane 1/1) to 
afford 14 mg (57%) of desired product 14. ^H-NMR (300 MHz, DMSO- 
D6/CDCI3/CD3OD) 5 2.91 (m, 6H, CHzCHiPh), 4.30 (m, 6H, CHaCHaPh), 5.18 (m, 6H, 

25 OCHaPh), 7.14-7.28 (m, 15H, aromatic), 7.58 (s, 2H, aromatic) *ppm; ESI-MS m/e 680 
(M + Na)"*". 

Example 4 

Coupling of beniylamine to triply activated 12 to give 15 (see fig. 10). To a solution 
30 of 12 (523 mg, 0.738 mmol) in dichloromethane were added benzylamine (403 pL, 
3.69 mmol) and EtsN (514 pL, 3.69 mmol). The reaction mixture was stirred at room 
temperature for 4 h. Dichlorormethane was added and the resulting mixture was 
washed with 10% citric acid, saturated sodium bicarbonate and brine, dried with 
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anhydrous sodium sulfate, and concentrated under reduced pressure. Column 
chromatography (CH2Cl2/MeOH 25/1) gave 15 (406 mg, 90%) as a solid. ^H-NMR 
(300 MHz, CDCI3) 5 4.31 - 4.36 (m, 6H, benzyUc benzylamine), 5.13 (s, 2H, benzyUc 
spacer), 5.20 (s, 4H, benzylic spacer), 7,23 - 7.34 (m, 17 H, aromatic) ppm. 

5 

Example 5 

Protection of aminotriol 16 to give allyl iV-[2,4,6-tri(hydroxymethyI)phenyI] 
carbamate 17 (see fig. 11). To a solution of 1.085 g of 16 (5.92 mmol) in 20 mL dry 
THF under an argon atmosphere were added 1.48 mL (Aloc)20 (1.5 equiv) and 200 mg 

10 HOBt (0.25 equiv). The reaction mixture was stirred for 72 homs at room temperature. 
THF was evaporated and the product was purified by means of coliunn 
chromatography (CH2Cl2/MeOH 6/1) which afforded 872 mg (55%) of the desired 
compound 17. Mp 87 °C; ^H-NMR (300 MHz, CDCU/CD3OD) 8 4.58-4.66 (m, 8H, 3 
X CH2 and 2 Aloe), 5.25-5,41 (m, 2H, Aloe), 5,86-6.11 (m, IH, Aloe), 7.35 (s, 2H, 

15 aromatic) ppm; MS (EI) m/e 249 (M - H20)''; Anal. (Ci3Hi7N05-7/8H20) calculated C 
55.17%, H 6.68%, N 4.95%, measured C 55.16%, H 6.16%, N 4.81%, 



Example 6 

20 Activation of triol 17 to give triply activated tricarbonate 18 (see fig. 11). A 
solution of 837 mg of triol 17 (3.13 mmol) in dry THF was added drop wise under an 
argon atmosphere to a solution of 9.47 g 4-nitrophenyl chloroformate (15 equiv) and 
3.8 mL pyridine (15 equiv) in dry THF. The reaction mixture was stirred for 5 hours 
and THF was evaporated. CH2CI2 was added and the organic layer was washed with 

25 10% aqueous citric acid and brine. The organic layer was dried over anhydrous Na2S04 
and evaporated. The product was purified by means of column chromatography 
(EtOAc/heptane 2/5) to afford 1.546 g (65%) of tricarbonate 18. Mp 46 °C; ^H-NMR 
(300 MHz, CDCL3) 5 4.68 (d, 2H, J = 5.7 Hz, Aloe), 5.22-5.37 (m, 8H, 3 x CH2 and 2 
Aloe), 5.89-6,07 (m, IH, Aloe), 7.35-7.42 (m, 6H, aromatic), 7.67 (s, 2H, aromatic), 

30 8.26-8.30 (m, 6H, aromatic) ppm; MS (EI) m/e 763 (M + H)***, 785 (M + Na)"^; Anal. 
(C34H26N4Oi7-3H20) calculatcd C 50.00%, H 3.95%, N 6.86%, measured C 49.99%, H 
3.33%, N 6.44%. 



wo 2004/043493 



PCT/NL2003/000804 



64 

Example 7 

Coupling of propylamine to triply activated 18 to give triscarbamate 19 (see fig. 
11). To a solution of 18 (313 mg, 0.410 mmol) in dichloromethane were added 
propylamine (169 |iL, 2.05 mmol) and EtsN (286 |jL, 2.05 nunol). The reaction mixture 
5 was stirred at room temperature for 16 h. Dichloromethane was added and the resulting 
mixture was washed with 10% citric acid, saturated sodium bicarbonate and brine, 
dried with anhydrous sodium sulfate, and concentrated under reduced pressure. Column 
chromatography (CHsClz/MeOH 20/1) gave 19 (158 mg, 74%) as a sohd. ^H-NMR 
(300 MHz, CDCI3) 5 0.87 - 0.94 (m, 9H, Me), 1.43 - 1.56 (m, 6H, CHaCTzCHs), 3.07 - 
10 3.15 (m, 6H, CH2CH2CH3), 4.63 (d, 2H, Aloe), 5.01 - 5,17 (m, 8H, 2H Aloe and 6H O- 
CH2), 5.95 (m, IH, Aloe), 7.32 (bs, 2H, aromatic) ppm. 

Example 8 

Activation of nitrodiol 20 to give doubly activated 21 (see fig. 12). Nitrodiol 20 (130 
15 mg, 0.621 namol) was dissolved in 3 mL of dry THF under an argon atmosphere and 
the solution was cooled to 0 **C. Diisopropylethylamine (DIPEA) (865 (iL, 8 equiv), 4- 
nitrophenyl chloroformate (751 mg, 6 equiv), and pyridine (25 pL, 0.5 equiv) were 
added to the solution. The reaction mixture was allowed to reach room temperature (Rt) 
and stirred for 16 h. Dichloromethane was added and the organic layer was washed 
20 with water, saturated sodimn bicarbonate, and water. The organic layer was dried over 
' anhydrous sodium sulfate and evaporated to dryness. The product was purified by 
means of column chromatogr^hy (EtOAc/heptane 2/5) to afford 280 mg (84%) of 
doubly activated 21. ^H-NMR (300 MHz, CDCI3) 5 5.04 (s, 2H, CH2), 5.08 (s, 2H, 
CH2), 7.12 (s, IH, vinyUc), 7.38 (d, 2H, J = 3.9 Hz, aromatic), 7.41 (d, 2H, J = 3.9 Hz, 
25 aromatic), 7.51 (d, 2H, J = 8,3 Hz, aromatic), 8.25-8.30 (m, 6H, aromatic) ppm; Anal. 
(C24H17N3O12) calculated C 53.44%, H 3.18%, N 7.79%, measured C 53.68%, H 
3.44%, N 7.31%. 

Example 9 

30 Coupling of paclitaxel to doubly activated 21 to give 22 (see fig. 12). Doubly 
activated 21 (40 mg, 0.075 romol) was dissolved in 1 mL of dry dichloromethane and 
the solution was cooled to 0 °C. Pachtaxel (128 mg, 2 equiv) and 4- 
(dimethylairdno)pyridine (DMAP) (20 mg, 2.2 equiv) were added and the reaction 
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mixture was allowed to reach Rt and was stirred for 16 h. Dichlorometiiane was added 
and the organic layer was washed with saturated soditnn bicarbonate, 0.5 N potassium 
bisulfete, and brine, and dried over sodium sulfate. The product was purified by means 
of column chromatography (EtOAc) to afford 118 mg (80%) of desired product 22. ^H- 
5 NMR (300 MHz, CDCI3) 6 1.14 (s, 6H, 17), 1.26 (s, 6H, 16), 1 .68 (s, 6H, 19), 1.91 (bs, 
6H, 18), 2.21 (s, 3H, 10-acetyl), 2.22 (s, 3H, 10-acetyl), 2.46 (s, 6H, 4-acetyl), 3.80 (bd, 
2H, 3), 4.19 (d, 2H, 20b), 4.31 (d, 2H, 20a), 4.43 (m, 2H, 7), 4.76 (dd, 2H, CH2- 
cimiamyl), 4.85 (s, 2H, CH2-cinnamyl), 4.95 (d, 2H, 5), 5.46 (d, IH, J = 3.0 Hz, 2'), 
5.49 (d, IH, J = 3.1 Hz, 2% 5.68 (d, 2H, J = 7.2 Hz, 2), 6.05 (m, 2H, 3"), 6.20-6.35 (m, 
10 4H, 10 and 13), 6.92 (s, IH, vinyUc cinnamyl), 7.30-7.65 (m, 24H, aromatic), 7.71 (m, 
4H, aromatic N-Bz), 8.12-8.16 (m, 6H, aromatic, 4H 2-Bz and 2H cinnamyl) ppm; ESI- 
MS m/e 1993 (M + Na)*; Anal. (CioeHiosNaOsA) calculated C 64.66%, H 5.58%, N 
2.13%, measured C 65.02%, H 6.07%, N 1.72%. 



15 Example 10 

Coupling of aminodiol 23 to doubly activated 21 to give tetrad 24 (see fig. 13). 
Doubly activated 21 (154 mg, 0.285 mmol) was dissolved in 3 mL of dry 
dimethylformamide (DMF) and aminodiol 23 (113 mg, 2.2 equiv), DIPEA (99 loL, 2 
equiv), and a catalytic amount of hydroxybenzotriazole monohydrate ^HOBt) (15 mg, 

20 0.39 equiv) were added. The reaction mixture was stirred for 16 h. HOBt (8 mg, 0.2 
equiv) was added and the reaction mixture was stirred for another 64 h. 10% 2- 
propanol in EtOAc was added and the organic layer was washed with water and dried 
over sodimn sulfate. The crude product was purified by means of column 
chromatography (dichloromethane/MeOH 6/1) to yield tetraol 24 (72 mg, 41%). ^H- 

25 NMR (300 MHz, CDCI3/CD3OD) 5 4.31 (m, 8H, CH2OH), 4.91 (s, 2H, CH2OCO), 
4.95 (s, 2H, CH2OCO), 6.62 (s, 2H, vinyUc), 6.98 (s, IH, vinyHc), 7.24 (d, 2H, J = 8.6 
Hz, aromatic), 7.24 (d, 2H, J = 8.6 Hz, aromatic), 7.40 (m, 4H, aromatic), 7.56 (d, 2H, J 
= 8.5 Hz, aromatic), 8.26 (d, 2H, J = 8.8 Hz, aromatic) ppm; FAB-MS m/e 643 (M + 
Na)""; Anal. (C32H33N3O10) calculated C 62.03%, H 5.37%, N 6.78%, measured C 

30 62.62%, H 5.71%, N 6. 18%. 



Example 11 
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Activation of tetraol 24 to give qnadruply activated 25 (see fig. 13). Tetraol 24 (58 
mg, 0.094 mmol) was dissolved in dry TEIF and the solution was cooled to 0 °C. 
DIPEA (261 jiL, 16 equiv), 4-mtrophenyl chlorofonnate (226 mg, 12 equiv), and 
pyridine (8 \xL, 1 equiv) were added to the solution. The reaction mixture was allowed 

5 to reach Rt and was stirred for 16 h. Dry dichloromethane was added and the reaction 
misture was stirred for another 24 h. Dichloromethane was added and the organic layea: 
was washed with saturated sodium bicarbonate, 10% citric acid, and brine. The organic 
layer was dried over anhydrous sodium sulfate and evaporated to dryness. The product 
was purified by means of column chromatography (EtOAc/heptane 5/4) to afford 65 

10 mg (54%) of quadruply activated 25. 'H-NMR (300 MHz, CDCI3) 5 4.93 (s, 2H, 
CH2OCONH). 4.95 (s, 2H, CH2OCONH), 5.03 (s, 4H, CH2OCOO), 5.07 (s, 4H, 
aiaOCOO), 6.80-7.02 (m, 3H, vinyUc), 7.28-7.50 (m, 18H, aromatic), 8.23-8.29 (m, 
lOH, aromatic) ppm; ESI-MS m/e 1302 (M + Na)^; Anal. (C60H45N7O26) calculated C 
56.30%. H 3,54%. N 7.66%, measured C 56.58%, H 3.74%, N 7.37%. 

Example 12 

Coupling of paclitaxel to quadruply activated 25 to give 26 (see fig. 13). Quadruply 
activated 25 (13 mg, 0.010 mmol) was dissolved in 1 mL of dry dichloromethane and 
the solution was cooled to 0 "C. PacUtaxel (35 mg. 4 equiv) and DMAP (5.5 mg, 4.4 

20 equiv) were added and the reaction mixture was allowed to reach Rt and was stirred for 
16 h. Dichloromethane was added and the organic layer was washed with saturated 
sodium bicarbonate, 0.5 N potassium bisulfate, and brine, and dried over sodium 
sulfate. The product was purified by means of column chromatography (EtOAc) to 
afford 27 mg (64%) of desired product 26. 'H-NMR (300 MHz, CDOa) 8 1.15 (m, 

25 12H, 17), 1.26 (m, 12H, 16), 1.68 (bs, 12H, 19), 1.89 (m, 12H, 18), 2.17 (m, 12H, 10- 
acetyl). 2.42 (m, 12H, 4-acetyl), 3.80 (m, 4H, 3), 4.20 (m. 4H, 20b). 4.29 (m, 4H, 20a), 
4.40 (m, 4H, 7), 4.75-5.00 (m, 16H, 4H 5 and 12H CH2-cinnamyl), 5.47 (m, 4H. 2*), 
5.65 (m, 4H, 2), 5.97 (m, 4H, 3% 6.13-6.38 (m, 8H, 10 and 13), 6.76-6.91 (m, 3H, 
vinyUc cinnamyl), 7.23-7.65 (m, H, aromatic), 7.71 (d, 8H, aromatic N-Bz), 8.13 (m, 

30 8H, aromatic 2-Bz), 8.23 (d, 2H, aromatic cinnamyl) ppm; ESI-MS m/e 4157 (M + 
H20)^ • 



Example 13 
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Coupling of benzylamine to doubly activated 21 to give 27 (see fig. 14). To a 

solution of 21 (50 mg, 92.7 pmol) in dichloromethane (2 mL) were added benzylamine 
(51 jxL, 0.464 nunol) and EtaN (65 |xL, 0.464 mmol). The reaction mixture was stirred 
at room temperature for 16 h. Dichloromethane was added and the resulting mixture 
5 was washed with 10% citric acid, saturated bicarbonate and brine, dried with anhydrous 
sodium sulfate, and concentrated under reduced pressxire. Column chromatography 
(CH2Cl2/MeOH 40/1) gave 27 (38 mg, 79.9 pmol, 86%) as a soUd. ^H-NMR (300 
MHz, CDCI3) 5 4.33 - 4.39 (m, 4H, benzylic), 4.79 (s, 2H, spacer), 4.82 (s, 2H, spacer), 
6.78 (s, IH, alkene), 7.25 - 7.35 (m, 12H, aromatic), 7.42 (d, 2H, aromatic spacer), 8.18 
10 (d, 2H, aromatic spacer) ppm. 

Example 14 

Coupling of p-aminobenzyl alcohol to doubly activated 21 to give 28 (see fig. 15). 
Couo^und 21 (330 mg, 0.612 mmol) was dissolved in DMF (5 mL) and p- 

15 aminoben2yl alcohol (166 mg, 1.35 mmol), DIPEA (214 jiL, 1.22 mmol), and 1- 
hydroxybenzotriazole (24.8 mg, 0.184 mmol) were added at room temperature. The 
reaction mixture was stirred at room temperature for 2 days. The reaction mixture was 
concentrated under reduced pressure and tiien dissolved in ethyl acetate (75 mL). The 
clear solution was washed with a 10% aqueous citric acid solution and brine, dried with 

20 anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. Column 
chromatography (chloroform/MeOH 8/1) afforded 28 (181 mg, 0.357 mmol, 58%) as a 
white solid after freeze-drying. ^H-NMR (300 MHz, CD3OD/CDCI3) 8 4.57 (s, 4H, 
CH2OH), 4.89 (s, 2H, Ciy20C(0)R), 4.92 (s, 2H, CfliOC(0)R), 6.95 (s, IH, C^=<;R2), 
7.25 - 7.54 (m, lOH, aromatic), 8.24 (d, 2H, J = 8.8 Hz, aromatic) ppm; ESI-MS m/e 

25 530 (M + Na)"^; Anal, (C26H25N3O8) calculated C 61.53%, H 4.97%, N 8.28%, 
measured C 61.60%, H 5.20%, N 7.61%. 

Example 15 

Activation of diol 28 with p-nitrophenyl chloroformate to give 29 (see fig. 15). To a 

30 solution of compound 28 (160 mg, 0.315 mmol) in THF (5 mL) were added DIPEA 
(440 jxL, 2.52 mmol), p-nitrophenyl chloroformate (381 mg, 1.89 mmol), and pyridine 
(12.9 jiL, 0.158 mmol) at 0 °C. The reaction mixture was slowly warmed to room 
temperature and stirred overnight Ethyl acetate (75 mL) was added to the reaction 
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mixture and the mixtme was washed with a saturated aqueous sodium bicarbonate 
solution, a 10% aqueous citric acid solution, and brine. The oiiganic fraction was dried 
with anhydrous sodium sulfate, filtCTed, and concentrated under reduced pressure. 
Column chromatography ^tOAc/hexanes 1/1) afforded 29 (155 mg, 0.187 nunol, 

5 59%) as a white solid after fieeze-drying. ^H-NMR (300 MHz, CDCls/DMSO-De) 5 
4.90 (s, 2H, C/f20C(0)NHR), 4.95 (s, 2H, Cff20C(0)lS[HR), 5.23 (s, 4H, 
C/f20C(0)0R), 6.96 (s, IH, CH=CR2X 7.34 - 7.56 (m, 14H. aromatic), 8.22 - 8.28 (m, 
6H, aromatic) ppm; ESI-MS m/e 860 (M + Na)^ 1697 (2M + Na)"^; Anal. 
(C40H31N5O16 I.5H2O) calculated C 55.56%, H 3.96%, N 8.10%, measured C 55.60%. 

10 H 3.96%, N 8.30%. 

Example 16 

Coupling of p-metho3cybenzylamine to doubly activated 29 to give 30 (see fig. 16). 
To a solution of 29 (50 mg, 59.7 (imol) in l-methyI-2-pyrrolidinone (4 mL) were added 

15 at 0 °C p-methoxybenzylamine (3 1 pL, 0.24 mmol) and DIPEA (3.0 pL, 1 8 pmol). The 
reaction mixture was stirred at room temperature for 15 h. A 10% solution of 
isopropanol in ethyl acetate (25 mL) was added and the resxxlting mixture was washed 
with wato: and brine, dried with anhydroiis sodium sulfate, filtered, and concentrated 
under reduced pressure. Column chromatognphy (EtOAc/hexanes 1/3) gave 30 (35.0 

20 mg, 42.0 pmol, 70%) as a white soUd. ^H-NMR (300 MHz, CDCI3/CD3OD) 5 3.79 (s, 
6H, OCH3), 4.26 (s, 4H, NCH2), 4.90 (s, 2H, Ciy20C(0)NHC6H4R). 4.94 (s, 2H, 
C^r20C(0)NHC6H4R), 5.04 (s, 4H, Cff20C(0)NCH2R), 6.85 (d, 4H, J = 8.6 Hz, 
aromatic), 6.96 (s, IH, Cif=CR2), 7.19 - 7.28 (m, 8H, aromatic), 7.37 - 7.42 (m, 4H, 
aromatic), 7.53 (d, 2H, J = 8.6 Hz, aromatic), 8.25 (m, 2H, aromatic) ppm; FAB-MS 

25 m/e 856 [M+Naf, 1690 [2M+Naf. 

Example 17 

Coupling of p-chlorobenzylamine to doubly activated 29 to give 31 (see fig. 16). To 
a solution of 29 (72 mg, 86 pmol) in THF (4 mL) were added at 0 "C p- 
30 chlorobenzylamine (42 pL, 0.34 mmol) and DIPEA (4.5 ^L, 26 pmol). The reaction 
mixture was stirred at room temperature for 15 h. Hie reaction mixture was 
concentrated under reduced pressure and the residue was purified by colum 
chromatogr^hy (EtOAc/hexanes 1/1) to afford 31 (60 mg, 71.2 imnol, 83%) as a white 
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solid after fieeze-drying. ^H-NMR (300 MHz, CDCI3/CD3OD) 5 4.27 (s, 4H; NCH2). 
4.89 (s, 2H, CH20C(0)NHC6H4R), 4.94 (s, 2H, CH20C(0)NHC6H4R), 5.03 (s, 4H, 
C/f20C(0)NCH2R), 6.98 (s, IH, CH^CRz), 7.21 - 7.29 (m, 12H, aromatic), 7.40 - 7.44 
(m, 4H, aromatic), 7.57 (d, 2H, J = 8.6 Hz, aromatic), 8.25 (m, 2H, aromatic) ppm; 
5 FAB-MS m/e 864[M + Na]^ 



Example 18 

Coupling of phenethyl alcohol to doubly activated 29 to give 32 (see fig. 16). To a 
solution of 29 (18 mg, 2lMmol) in THF (2 mL) were added at 0 °C phenethyl alcohol 

10 (10.3 pL, 85.9 jmiol), DIPEA (1.9 \lL, 11 pmol), and DMAP (10.5 mg, 85.9 nmol). The 
reaction nuxtuie was stirred at room temperature for 15 h. The reaction mixture was 
concentrated under reduced pressure and the residue was purified by column 
chromatography (EtOAc/hexanes 1/1) to afford 32 (9.5 mg, 12 mmol, 55%) as a white 
soUd after freeze-drying. 'H-NMR (300 MHz, CDCI3/CD3OD) 5 2.97 (t, 4H, J = 7.0 

15 Hz, CEliCHiPti), 4.34 (t, 4H, J = 7.0 Hz, CHiCHzPh), 4.90 (s, 2H, 
CH20C(0)NHC6H4R), 4.94 (s, 2H, C£r20C(0)NHC6H4R), 5.07 (s^ 4H, 
Ciy20C(0)0R), 6.97 (s, IH, CH=CR2), 7.19 - 7.30 (m, 14H, aromatic), 7.39 - 7.44 (m, 
4H, aromatic), 7.54 (d, 2H, J = 8.7 Hz, aromatic), 8.25 (d, 2H, J = 8.7 Hz, aromatic) 
ppm; FAB-MS m/e 804 [M + HT, 826 [M + Naf. 

20 

Example 19 

Coupling of benzylamine to 4-mtrobeii^l chloroformate 33 to give 34 (see fig. 17). 
A solution of chloroformate 33 (200 mg, 0.923 nmiol) in THF was added dropwise to a 
mixture of benzylamine (101 jjL, 0.923 mmol) and Et3N (129 \iL, 1 equiv) in THF at 0 

25 °C. The reaction mixture was allowed to reach room temperature and was stirred for 16 
h. EtOAc was added and the organic layer was washed with 0.1 M NaOH, 10% citric 
acid, and brine, and dried over sodium sulfate to quantitatively yield desired product 
34. ^H-NMR (300 MHz, CDCI3) 5 4.39 (d, 2H, J = 6.0 Hz, ben2yUc benzylamine), 5.22 
(s, 2H, benzylic spacer), 7.25 - 7.40 (m, 5H, aromatic benzylamine), 7.50 (d, 2H, J = 

30 8.4 Hz, aromatic spacer), 8.20 (d, 2H, J = 8.4 Hz, aromatic spacer) ppm. 



Example 20 
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Proof of principle for triple eliminatioii. Formation of benzyl alcohol upon 
reduction of 13 (see fig. 19). Compound 13 was dissolved in 3 mL of 
MeOH/AcOH/THF (1.5/0.5/1). Zinc powder was added and the reaction mixture was 
stirred at Rt After 30 min thin layer chromatography indicated dis^pearance of 

5 starting compomid and formation of a substantial amount of benzyl alcohol. The 
mixture was filtered over hyflo and the residue was washed with 
MeOH/dichloromethane. The filtrate was concentrated in vacuo, dioxane was added, 
and the resulting solution was fireeze-dried. ^H-NMR (300 MHz, 
CDCls/CDsOD/ODsCN/DMSO-De) 5 4.57 (s, 2H, benzylic), 7.28-7.36 (m, 5H, 

10 aromatic) ppm, identical with peaks observed for fi-ee benzyl alcohol in the same 
medium. 

Example 21 

Proof of principle for triple elimination. Formation of phenethyl alcohol upon 
15 reduction of 14 (see fig- 19), Compound 14 was dissolved in 3.75 mL of 
MeOH/AcOH/THF (2/0.75/1). Ziqc powder was added and the reaction mixture was 
stirred at Rt. After 1 h Ihin layer chromatogr25)hy indicated disappearance of starting 
compound and formation of a substantial amoimt of phenethyl alcohol. The mixture 
was filtered over hyflo and the residue was washed with MeOH/dichloromethane. The 
20 filtrate was concentrated in vacuo, dioxane was added, and the resulting solution was 
freeze-dried. ^H-NMR (300 MHz, DMSO-D6/CD3OD/D2O) 5 2,68 (t, 2H, CHzCHzPh), 
3.58 (t, 2H, CH2CH2Ph), 7.11-7.22 (m, 5H, aromatic) ppm, identical with peaks 
observed for firee phenethyl alcohol in the same medium; ESI-MS m/e 122 (Mf. 

25 Example 22 

Reduction of the nitro group in 15. FaUure of elimination of benzylamine (see fig. 
20). Compound 15 (16 mg) was dissolved in 10 mL of MeOH/AcOH (8/2). Zinc 
powder was added and the reaction mixture was stirred at RL After 30 mio, thin layer 
chromatography indicated disappearance of starting compound and showed complete 

30 conversion to a single product. Formation of benzylanmie was not or was hardly 
observed. The mixture was filtered over hyflo and the residue was washed with 
MeOH/dichloromethane. The filtrate was concentrated in vacuo, the mixture was 
fireeze-dried. Under a number of varied circumstances (different deuterated solvent 
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combinations, different pH (acidic, neutral, and basic), different buffers), ^H-NMR did 
hardly show formation of jfree benzylamine. After 2 days, maximally 33 percent of free 
benzylamine was observed (^H-NMR). Dissolving the reduced product in DMF did not 
increase amounts of released benzylamine. 
5 Reduction of 15 using Raney NickeVhydrazine did not lead to different results- 

Bxample 23 

Deprotection of the Aloe group from 19. FaUure of elimination of propylamine 
(see fig. 21). Compoimd 19 (36 mg, 69 ^rniol) was dissolved in 1 mL of CDCI3. 

10 Morpholine was added (20 equiv, 120 |jJL, 1.38 mmol), and argon was bubbled througji 
the solution. Then, a catalytic amount of palladium tetrakistriphenylphosphine was 
added. Elimination of propylamine was studied by ^H-NMR. After 1 h, thin layer 
chromatography indicated disappearance of starting compound. Under a number of 
varied circumstances (different deuterated solvent combinations, different pH (acidic, 

15 neutral, and basic), different buffers, in tiie presence of different nucleophiles), by ^H- 
NMR it was shown that maximally 33 percent of free propylamine had been formed 
after 2 weeks. 



20 

Example 24 

Proof of principle for doable elimination. Formation of paclitaxel upon reduction 

of 22 (see fig. 22). Nitrocinnamyl biscarbonate 22 was dissolved in 3.5 mL of 
MeOH/AcOH/THF (2/0.5/1). Zinc powder was added and the reaction mixture was 

25 stirred at Rt. After 30 min thin layer chromatography indicated complete disappearance 
of starting compoimd and formation of a substantial amoxmt of pacUtaxel. The mixture 
was filtered over hyflo and the residue was washed with MeOH/dichloromethane. The 
filtrate was concentrated in vacuo, dioxane was added and the resulting solution was 
freeze-dried. Distinguishing peaks in the ^H-NMR, (300 MHz, CD3OD) 5 4.19 (s, 4H, 

30 20a and 20b), 4.32 (dd, 2H, 7), 4.74 (d, 2H, 2% 4.99 (dd, 2H, 5), 5.65 (m, 4H, 2 and 3'), 
6.16 (t, 2H, 13), 6.45 (s, 2H, 10) ppm, were identical with peaks observed for free 
paclitaxel in the same medium. The proton NMR spectrum did not show 2 -coupled 
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paclitaxel; only unconjugated paclitaxel was present; FAB-MS m/e 854 (M + H)^ 876 
(M + Na)"". 



Example 25 

5 Proof of principle for quadruple elimination. Formation of paclitaxel upon 
reduction of 26 (see fig- 23). Compound 26 was dissolved in 3.25 naL 
MeOH/AcOH/THF (1.5/0.75/1). Zinc powder was added and the reaction mixture was 
stirred. After 30 min, tbia layer chromatography indicated disappearance of starting 
compoxmd and formation of a substantial amount of paclitaxeL After 16 h, the mixture 

10 was filtered over hyflo and the residue was washed with MeOH/dichloromethane. The 
filtrate was concentrated in vacuo, dioxane was added, and the resulting solution was 
fireeze-dried. Distinguishing peaks in the ^H-NMR, (300 MHz, CD3OD/CDCI3/DMSO- 
D6) 5 4.77 (d, 4H, 2'), 4.98 (d, 4H, 5), 5.65 (m, 8H, 2 and 3% 6.17 (m, 4H, 13), 6.39 (s, 
4H, 10) ppm, were identical with peaks observed for firee paclitaxel in the same 

15 medium; ESI-MS m/e 877 (M + Na)"^. 



Example 26 

Reduction of tlie nitro group in 27. Failure of elimination of benzylamine (see fig. 
24). To a solution of 27 (18 mg, 38 pmol) in a 4:1 mixture of MeOH and AcOH (7.5 

20 mL) Zinc powder was added and the reaction mixture was stirred at Rt. After 1 h, thin 
layer chromatography indicated disappearance of starting compound and showed 
complete conversion to a single product No formation of benzylamine was observed. 
The mixture was filtered over hyflo and the residue was washed with 
MeOH/dichloromethane. The filtrate was concentrated in vacuo, dioxane was added 

25 and the mixture was fireeze-dried. In a number of diflferent deuterated solvent 
combinations, possessing a different pH, in some cases buffered, in the presence or 
absence of nucleophiles, ^H-NMR did not show formation of more than 50 percent of 
firee benzylamine, even after a day. 

30 Example 27 

Reduction of the nitro group in 30. Failure of elimination of p- 
methoxybenzylamine (see fig. 25). To a solution of 30 (10 mg, 12 pmol) in a 1:1 
mixture of THF and methanol (2 mL) were added Raney Nickel (50% slurry in water. 
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0.05 mL) and hydrazine monohydrate (LO pL, 21 Minol). Thin layer chromatography 
(EtOAc/heptanes 3/1) showed complete conversion to a single product within 20 
minutes. The reaction mixture was stirred overnight at room temperature. No formation 
of p-methoxybenzylamine was observed after night. The reaction mixture was filtered 
5 and concentrated under reduced pressure. The residue was dissolved in a 1 : 1 mixture of 
DMSO-de and D2O. ^H-NMR did not show any formation of firee p- 
methoxybenzylamine after 1, 5, or 20 days. Slow decomposition of reduced 30 not 
involving release of p-methoxybenzylamine was obsCTved. 

10 Example 28 

Reduction of the nitro group in 31, Failure of elimination of p-chlorobenzylamine 
(see fig. 25). To a solution of 31 (10 mg, 12 ^miol) in a 1:1 mixture of THF and 
methanol (2 mL) were added Raney Nickel (50% slurry in water, 0.05 mL) and 
hydrazme monohydrate (0.6 pL, 12 pmol). Thin layer cohromatography 

15 (EtO Ac/heptanes 3/1) showed complete convCTsion to a single product within 30 
minutes. The reaction mixture was filtered and concentrated under reduced pressure. 
The residue was dissolved in a 1:1 mixture of CDCI3 and CD3OD. *H-NMR did not 
show any formation of free p-methoxyben2ylamine after 2 h, 15 h, 2 days, or 5 days. 
Slow decomposition of reduced 31 not involving release of p-chlorobenzylamine was 

20 observed. 

Example 29 

Reduction of the nitro group in 32. Formation of phenethyl alcohol (see fig. 26). To 
a solution of 32 (8.0 mg, 10 pmol) in a 1:1 mixture of THF and methanol (1.5 mL) 

25 were added Raney Nickel (50% slurry in water, 0.05 mL) and hydrazme monohydrate 
(0.5 [iL, 10 pmol). After 20 minutes, hydrazine monohydrate (0.5 pL, 10 pmol) were 
added. Thin layer chromatography (EtOAc/heptanes 1/1) showed complete conversion 
to a single product after 1 h. The reaction mixture was filtered and concentrated under 
reduced pressure. The residue was dissolved in a 1:1 mixture of CDCI3 and CD3OD to 

30 which 10 drops of DMSO-de were added. ^H-NMR showed complete release of firee 
phenethyl alcohol. Distinguishing peaks in the ^H-NMR spectrum, (300 MHz, 
CD3OD/CDCI3/DMSO-D6) 5 2.83 (t, 2H, J = 7.1 Hz, CHzCHz^h) and 3.76 (t, 2H, J = 
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7.1 Hz, CHiCBa^h) ppm, were ideatical with peaks observed for phenethyl alcohol in 
the same medium. 

Example 30 

5 Proof of principle for single elimination. Formation of benzylamine upon 
redaction of 34 (see fig. 27). Compound 34 (40 mg) was dissolved in 3.75 mL of 
MeOH/AcOH/THF (2/0.75/1). Zinc powder was added and the reaction mixture was 
stirred at Rt. After 100 min, thin layer chromatography indicated disappearance of 
starting compound and formation of a substantial amount of benzylamine. The mixture 

10 was filtered over hyflo and the residue was washed with MeOH/dichloromethane. The 
filtrate was concentrated in vacuo. ^H-NMR (300 MHz, CD3OD/CDCI3/DMSO-D6) 5 
3.98 (s, 2H, benzylic, liberated benzylamine), 7.34 - 7.43 (m, 5H, aromatic, Uberated 
benzylamine) ppm, identical with peaks observed for firee benzylamine in the same 
medium, indicated complete release of fi'ee benzylamine. NMR signals firom 

1 5 conjugated benzylamine have disappeared. 

Example 31 

Stability of 35. Treatment of 35 with Zinc (see fig. 28). Dibenzyl carbonate 35 (13 
mg) was dissolved in 2.5 mL MeOH/THF/AcOH (1.5/0.5/0.5). Zinc powder was added 

20 and the reaction mixture was stirred at Rt for 16 h. Thin layer chromatography 
indicated no formation of new compounds, and indicated stability of 35. The mixture 
was filtered over hyflo and the residue was washed with MeOH/dichloromethane. The 
filtrate was concentrated in vacuo. ^H-NMR (300 MHz, CDCI3/CD3OD/DMSO-D6) 5 
5.07 (s, 4H, benzylic), 7.27 (m, lOH, aromatic) ppm, showed that the product was 

25 identical to starting compound; no benzyl alcohol was observed. 

Example 32 

Stability of 36. Treatment of 36 with Zinc (see fig. 28). Paclitaxel-2'-carbonate 36 (3 
mg) was dissolved in 2.5 mL MeOH/THF/AcOH (1.5/0.5/0.5). Zinc powder was added 
30 and the reaction mixture was stirred at Rt for 16 h. Thin layer chromatography 
indicated no formation of new compounds, and indicated stability of 36. The mixture 
was filtered over hyflo and the residue was washed with MeOH/dichloromethane. The 
filtrate was concentrated in vacuo. Distinguishing peaks in the ^H-NMR spectrum, (300 
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MHz, CDCI3/CD3OD/DMSO-D6) 5 4.81 (d, 2H, J = 7.2 Hz, CH2 cinnamyl), 5.38 (d, 
IH, J = 8.7 Hz, 2') ppm, showed that the product was identical to starting compound; 
no cinnamyl alcohol or free paclitaxel was observed, 

5 Example 33 

Cytotoxicity of multiple release spacers 16 and 23. The anti-proliferative eJBfect of 
the monomeric spacers was determined in vitro applying seven well-characterised 
human tumor cell lines and the microculture sulphorhodamine B (SRB) test. The anti- 
proUferative effects were determmed and expressed as ID50 values (ng/mL), which are 

10 the (pro)dnig concentrations that gave 50% inhibition of cell growth when compared to 
control cell growth after 5 days of incubation. 

Triple release monomer 16: cell lines (ID50 values in ng/mL): MCF-7; breast cancer 
(>62,500). EVSA-T; breast cancer (>62.500). WIDR; colon cancer (>62.500). IGROV; 
ovarian cancer (>62.500). M19; melanoma (>62.500). A498; renal cancer (55867). 
15 H226; non-small cell lung cancer (>62.500), 

Double release monomer 23: ceU lines (ID50 values in ng/mL): MCF-7; breast cancer 
(>62.500). EVSA-T; breast cancer (>62.500). WIDR; colon cancer (>62,500). IGROV; 
ovarian cancer (>62.500). M19; melanoma (>62.500), A498; renal cancer (56.784). 
H226; iion-small cell lung cancer (42.406). 
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CLAIMS 

1 A compound comprising a specifier (V) linked to two or more of the same or 
different leaving groups (Z) via a self-eliminating multiple release spacer or spacer 
system, which compound upon a siagle activation step releases at least two leaviag 

5 groups, said activation step being the removal or transformation of the specifier. 

2 A compound according to claim 1 comprising two or more self-eliminating 
multiple release spacers. 

10 3 A compound according to claim 1 or 2 comprising a self-eliminating multiple 
release spacer system incorporating two or more generations of self-eliminating 
multiple release spacers in the form of a dendritic structure. 

4 A compound according to claim 1, 2 or 3 having a formula selected firom 
15 V-(W.)w(X-),C((A-)aZ)c, 

V-(W-)w(X-)xC(D((A-)aZ)d)c, 

V-(W-)w(X-)xC(D(E((A-)aZ)e)d)c, and 

V-(W-)w(X-XC(D(E(F((A-)aZ)f)e)^^^^ 

wherein: 

20 y is selected firom [O] and a specifier which is removed or transformed by a chemical, 
photochemical, physical, biological, or enzymatic activation, optionally afl:er prior 
binding to a receptor; 

(W-)w(X-XC((A-)a)c> 
(W-)w(X-)xC(D((A-)a)d)c, 

25 (W-)w(X.)xC(D(E((A-)a)e)d)c, and 

(W-)w(X.)xC(D(E(F((A-)a)£>e)d)c 

are self-eliminating multiple release spacers or spacer systems; 

W and X are each a single release l,(4+2n) electronic cascade spacer, being the same 
or different; 
30 A is a cyclization elimination spacer; 

C, D, E, and F are each a self-eliminating multiple release spacer or spacer system that 
upon activation can maximally release c, d, e, and f leaving groups, respectively; 
each Z is independently a leaving group or H or OH or a reactive moiety; 
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a is 0 or 1; 

c, d, e, and fare independently an integer from 2 (included) to 24 (included); 
w and X are independently an integer from 0 (included) to 5 (included); 
n is an integer of 0 (included) to 10 (included). 



5 



15 



5 A compound according to any of the preceding claims, wherein 
the self-elimination multiple release spacers or spacer systems C, D, E, and F are 
independently selected from compounds having the fomiula 

Q(P)g(H(P)h(l(P)i)h-)g' 



-B- 



\ >— J(P)j(K(P)k(L(P),)k.)f 



M(P)m(N(P)n(0(P)o)n-)m' 



Wherem 

10 B is selected from NR^ O, and S; 

P is C(R^)(R^)Q-(W-)w(X-)x; wherem 
Q has no meaning or is -0-C0-; 

W and X are each a single release l,(4+2n) electronic cascade spacer, being the same 
or different; 



G, H, I, J, K, L, M, N, and O are independently selected from compounds having the 
formula: 




wherein R\ R^, R^ R^ and independently represent H, Ci^ alkyl, C3.20 heterocyclyl, 
C5.20 aryU Ci^ alkoxy, hydroxy (OH), amino (NH2), mono-substituted amino (NRxH), 
di-substituted amino (NRx^Rx^), nitro (NO2), halogen, CF3, CN, CONH2, SOiMe, 
25 CONHMe, cyclic C1.5 alkylamino, imida2»lyl, Ci^ alkylpiperazinyl, morphohno, thiol 
(SH), thioether (SRx), tetrazole, carbo:gr (COOH), carboxylate (COORx), sulphoxy 
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(S(=0)20H), sulphonate (S(=0)20Rx), sulphonyl (S(=0)2Rx), sulphixy (S(K))OH), 
sulphinate (S(=0)ORx), sulphinyl (S(=0)Rx), phosphonooxy (0P(=0)(0Hr)2), aad 
phosphate (0P(=0)(0Rx)2), where Rx, Rx^ and Rx^ are independently selected fix>in a 
Ci^ alkyl group, a C3-20 heterocyclyl group or a C5-20 aryl group, two or more of the 
substituents R\ R^, R^, R"^, and R^ optionally being connected to one another to form 
one or more ahphatic or aromatic cyclic structures, 
or 

G, J, and M may also be selected iBrom the group of P and hydrogen with the proviso 
that if two of G, J, and M are hydrogen, the remaining group must be 



10 



or be 



or 



or \=/ 
and at the same time be conjugated to 

"■)-<. 

15 g, h, i, j, k, 1, m, n, o, h', g', k', j', n', m' are mdependently 0, 1, or 2 with the provisos 
that 

if G = hydrogen or P, g, h, i, h', and g' all equal 0; 
if J = hydrogen or P, j, k, 1, k', and j' all equal 0; 
if M = hydrogen or P, m, n, o, n', and m' all equal 0; 
20 ifG,H,I, J,K,L,M,N,orOis 

R^ 




or v=<' or 



/ R^ / 
theng + g' = l,h + h' = l,i=l,j+j' = l,k + k' = l,l = l,m + m' = l,n + n' = l,oro 
1, respectively; 



25 ifG,H,I, J,K,L,M,N,orOis 
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->=< 



theng + g' = 2.h + h' = 2.i = 2J+j' = 2,k + k' = 2,l = 2,m + m' = 2,n + n' = 2,oro- 
1, respectively; 

5 if g' = 0 and G is nothydrogea or P, thenh, h', and i equal 0 and g > 0; 
if g = 0 and G is not hydrogen or P, then g' > 0; 
if g' > 0 and h' = 0, then i = 0 and h > 0; 
if g' > 0 and h = 0, then h' > 0 and i > 0; 

if j' = 0 and J is not hydrogen or P, then k, k', and 1 equal 0 and j > 0; 
10 if j = 0 and J is not hydrogen or P, then j ' > 0; 
ifj' >Oandk' =0, thenl = Oandk>0; 
if j ' > 0 and k = 0, then k' > 0 and 1 > 0; 

if m' = 0 and M is not hydrogen or P, then n, n', and o equal 0 and m > 0; 
if m = 0 and M is not hydrogen or P, then m' > 0; 
15 if m' > 0 and n' = 0, then o = 0 and n > 0; 
if m' > 0 and n = 0, then n' > 0 and o > 0; 

w and X are independently an integer from 0 (included) to 5 (included); 
with the proviso that 

if the compound contains only C and no D, no E, and no F are present, and B = NR. , 
20 andGandMareH,andg,h,i,h',g',k,l,k',r. m, n, o, n', and m' are 0, and J = 




, and j = 2, and Q = -0-C0-, and w and x are 0, and R\ R^ R\ and R* are 
H, then at least one of the leaving groups Z is not connected to Q via an ahphatic 
amino group. 



25 



6 A compound according to any of the preceding claims, wherdn the l,(4+2n) 
electronic cascade spacers W and X are independently selected from compounds 
having the formula 
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— B-<>— (T-MU-)u(Y-)yP 



Q- = -r5c=CR^-, S. O, NR^, -RSC=N-, or-N=CR5- 
B = NR^, O, S 
P = C(R3)(R4)Q 



10 



wherein 

Q has no meaning or is -0-C0-; 

t, u, and y are independently an integer of 0 to 5; 

T, U, and Y are independently selected from compounds having the formula: 



wherein R^, R^, R'*, R^, R^, R*^, R^ and R^ independently represent H, Ci-e alkyl, C3. 
20 heterocyclyl, C5.20 aryl. Cue aUcoxy, hydroxy (OHT), amino (NH2), mono-substituted 
amino (NRxH), di-substituted amino (NRx^Rx^), nitro (NO2), halogen, CF3, CN, 
CONH2, SOaMe, CONHMe, cychc C1-5 alkylamino, imidazolyl, Ci-6 alkylpiperazinyl, 
morpholino, thiol (SH), thioether (SRx), tetrazole, carboxy (COOH), carboxylate 
(COORx), sulphoxy (S(=0)20H), sulphonate (S(=0)20Rx), sulphonyl (S(=0)2Rx), 
sulphixy (S(=0)OH), sulphinate (S(=0)ORx), sulphinyl (S(=0)Rx), phosphonooxy 
(0P(=O)(0H)2), and phosphate (0P(=0)(0Rx)2), where Rx, Rx^ and Rx^ are 
independently selected from a Ci-e alkyl group, a C3-20 heterocyclyl group or a C5-20 
aiyl group, two or more of the substituents R\ R^, R^, R^ R^, R^ R^, R*, or R^ 
optionally being connected to one another to form one or more aliphatic or aromatic 
cychc structures. 




or 




or 



20 



7 A compound according to any of the preceding claims wherein the leaving groups 
Z are linked to the self-eliminating multiple release spacer or spacer system via an O, 
S, or aromatic N of the leaving group. 
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8 A compound according to any of the preceding claims wherein the leaving groups 
Z are linked to the self-eliminating multiple release spacer or spacer system via an 
aliphatic N and wherein at least one multiple release spacer or spacer system of either 
generation C. D (if present), E (if present), or F (if present) is a phenol- or thiophenol- 
based multiple release spacer or spacer system, meaning that 

i) B = O or S for at least one multiple release spacer in said generation, or 

ii) when B = N for all multiple release spacers in said generation, at least one single 
release spacer is connected to at least two branches of at least one multiple release 
spacer in said generation, and B = O or S for at least two of said single release spacers. 

9 A compound according to claim 8 wherein B = O or S for all multiple release 
spacers or spacer systans in said generation. 

10 A compound according to claims 8 or 9, wherein the phenol- or thiophenol-based 
15 multiple release spacers are connected to either A or Z or S, wherein S is as defined in 

claim 26. 

11 A confound according to any of the preceding claims, wherein the ©-amino 
aminocaibonyl cyclization elimination spacer A is a compound having the formula: 



10 



20 



wherein: 
25 a is an integer of 0 or 1; and 
b is an integer of 0 or 1; and 
c is an integer of 0 or 1; provided that 
a + b + c = 2or3; 



30 and wherein and independently represent H, Ci-6 allqrl, said alkyl being 

optionaUy substituted with one or more of the foUowing groxq)s: hydroxy (OH), ether 
(ORx), amino (NHz), mono-substituted amino (NRxH), di-substituted amino (NRx^Rx^), 
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nitro (NO2), halogesn, CF3, CN, CONH2, SOaMe, CONHMe, cyclic C1.5 aJkylamino, 
imidazolyl. Cue alkylpiperazinyl, morpholino, thiol (SH), fhioether (SR^), tetrazole, 
carboxy (COOH), carboxylate (COORx), sulphoxy (S(=0)20H), sulphonate 
(S(=0)20Rx), sulphonyl (S(=0)2Rx), sulphixy (S(=0)OH), sulphinate (S(=0)ORx), 
5 sulphinyl (S(=0)Rx), phosphonooxy (0P(=0)(0H)2), and phosphate (0P(=0)(0Rx)2), 
where Rx, Rx^ and Rx^ are selected from a Ci-e alkyl group, a C3-20 heterocyclyl group 
or a C5.20 aryl group; and 

R^, R"^, R^, R^, R^, and R^ independently represent H, Ci^ alkyl, C3.20 heterocyclyl, C5. 
20 aryl, C1.6 alkoxy, hydroxy (OH), amino (NH2), mono-substituted amino (NRxH), di- 

10 substituted amino (NRx^Rx^), nitro (NO2), halogen, CF3, CN, CONH2, S02Me, 
CONHMe, cycUc C1.5 alkylamino, imidazolyl, Ci-6 alkylpiperazinyl, morpholino, thiol 
(SH), thioether (SRx), tetrazole, carboxy (COOH), carboxylate (COORx), sulphoxy 
(S(=0)20H), sulphonate (S(=0)20Rx), sulphonyl (S(=0)2Rx), sulphixy (S(=0)OH), 
sulphinate (S(=0)0Rx), sulphinyl (S(=0)Rx), phosphonooxy (0P(=0)(0H)2), and 

15 phosphate (0P(=0)(0Rx)2), where Rx, Rx^ and Rx^ are selected from a Ci^ alkyl group, 
a C3-20 heterocyclyl group or a C5-20 aryl group; and 

wherein R^ R^, R^, R^ R^, R^ R^, and R^ can be a part of one or more aliphatic or 
aromatic cyclic stractures, two or more of the substituents RS R^, R^, R*, R^, R^, R^, or 
R^ optionally being connected to one another to form one or more aliphatic or aromatic 
20 cyclic structures, 

12. A compound according to any of the preceding claims, wherein group A is an ©- 
amino aminocarbonyl cyclization spacer, and Z is a moiety coupled via its hydroxyl 
group to A. 

25 

13 A compound according to any of the preceding claims wherein w + x > 0. 



14 A compound according to any of the preceding claims wherein 

(W-)w(X-)xCc, 

30 (W-)w(X-)xC(Dd)c, 

(W-)w(X-)xC(D(Ee)d)cOr 

(W-)w(X-)xC(D(E(F^)e)d)c 

is selected from the group consisting of 




R«»OarOC(0)0 
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and from the compounds depicted above wherein single release 1,6-eliinination p- 
aminobenzyloxycarbonyl spacer(s) are replaced by single release 1,8-elimination p- 
aminociimamyloxycarbonyl spacer(s). 

5 

15 A compound according to claim 14 which further comprises co-amino 
aminocarbonyl cyclization spacers A. 

16 A compound according to any of the preceding claims wherein the specifier V 
10 contains a substrate that can be cleaved by plasmin, one of the cathepsins, cathepsin B, 

P-glucuronidase, prostate-specific antigen (PSA), urokinase-type plasminogen activator 
(u-PA), a member of the family of matrix metalloproteinases, or wherein the specifier 
V is [Ol or contains a nitro-(hetero)aromatic moiety that can be removed or 
transformed by reduction imder hypoxic conditions or by reduction by a nitroreductase. 

15 

17 A compound according to any of the preceding claims wherein Z is selected from 
an antibiotic, an anti-inflammatory agent, an anti-viral agent, and preferably an 
anticancer agent 

20 18 The compound of claim 1 7 wherein Z is selected from 

(hydroxyl containing cytotoxic compounds) etoposide, combrestatin, camptofhecin, 
irinotecan (CPT-11), SN-38, topotecan, 9-aminocamptothecin, 9-nitrocamptothecin, 
lO-hydroxycamptothecin, GG211, lurtotecan, paclitaxel, docetaxel, esperamycin, 1,8- 
dihydroxy-bicyclo[7.3.1]trideca-4-ene-2,6-diyne-13-one, anguidine, doxorabicin, 

25 moipholine-doxorabicin, N-(5,5-diacetoxypentyl) doxorabicin, daunorubicin, 

epirabicin, idarabicin, mitoxantrone, vincristine, vinblastine, tallysomycm, bleomycin, 
4-bis(2-chloroethyl)aminophenol, 4-bis(2-fluoroethyl)aminophenol, and derivatives 
thereof, 

(sulfliydryl containing compounds) esperamicin and 6-mercaptopurine, and derivatives 
30 thereof, 

(carboxyl containing compounds) methotrexate, aminopterin, camptothecin (ring- 
opened form of the lactone), chlorambucil, melphalan, butyric acid and retinoic acid, 
and derivatives thereof^ and 
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(aziridine ainino containing or aromatic amino containing compounds) mitomycin C, 
mitomycin A, an anthracycline derivative containing an andne functionality with 
sufficient leaving group ability, mitoxantrone, 9-amino camptothecin, methotrexate, 
aminopterin, tallysomycin, bleomycin, actinomycin, N,N-bis(2-chloroethyl)-p- 
5 phenylenediamine, N,N-bis(2-£luoroethyl)-p-phenylenediarQine, deoxycytidine, 
cytosine arabinoside, gemcitabine, and derivatives thereof, and 
(aliphatic amino containing compounds) daimorubicin, doxorubicin, epirubicin, 
idanibicin, N-(5,5-diacetoxypentyl)doxorubicin, an anthracycline, N^-acetyl 
spermidine, l-(2-chloroethyl)-l,2"dimethanesulfonyl hydrazine, or derivatives thereof. 

10 

19 A compound according to claim 18 wherein Z represents pacUtaxel, docetaxel, or 
a derivative fliereof, which is coupled to the self-eliminating multiple release.spacer or 
spacer system via its 2'-hydroxyl group. 

15 20 A compound according to claim 1 8 wherein Z represents camptothecin, 

irinotecan (CPT-11), SN-38, topotecan, 9-aminocamptothecin, 9-nitrocamptothecin, 
10-hydroxycamptothecin, GG21 1, lurtotecan, or a derivative thereof, which is coupled 
to the self-eliminating multiple release spacer or spacer system via its 20-hydroxyl 
group. 

20 

21 A compound according to claim 18 wherein Z represents SN-38, topotecan, 10- 
hydroxycamptothecin, etoposide, 4-bis(2-chloroethyl)aminophenol, 4-bis(2- 
fluoroethyl)aminophenol, or a derivative thereof which is coupled to tiie self- 
eliminating multiple release spacer or spacer system via its phenolic hydroxyl group. 

25 

22 A compound according to claim 1 8 wherein Z represents 9-aminocamptothecin, 
N,N-bis(2-cMoroethyl)-p-phenylenediairiine,N,N-bis(2--fluoroethyl)-p- 
phenylenediamine, or a derivative thereof, which is coupled to the self-eliminating 
multiple release spacer or spacer system via its aromatic primary amine group. 

30 

23 A compound according to claim 1 8 wherein Z represents daunombicin, 
doxorabicin, epirabicin, idarabicin, N-(5,5-diacetoxypentyl)doxombicin, an 
anthracycline, N^-acetyl spermidine, l-(2-chloroethyl)-l,2-dimethanesulfonyl 
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hydrazme, or dCTivatives thereof which is coupled to the self-eliminatmg multiple 
release spacer or spacer system via its primary aliphatic amino group and wherein 
at least one multiple release spacer or spacer system of either generation C, I> (if 
present), E (if present), or F (if present) is a phenol- or thiophenol-based multiple 
release spacer or spacer system, meaning that 

i) B = O or S for at least one multiple release spacer in said generation, or 

ii) when B = N for all multiple release spacers in said generation, at least one single 
release spacer is connected to at least two branches of at least one multiple release 
spacer m said generation, and B = O or S for at least two of said single release spacers. 

24 A compound according to claim 23 wherein B = O or S for all multiple release 
spacers or spacer systems in said generation. 

25 A compound according to claims 23 or 24, wherein the phenol- or thiophenol- 
15 based multiple release spacers are connected to either A or Z or S, wherem S is as 

defined in claim 26. 

26 A compound having a formula selected from 

V-(W-)w(X-)xC((A-)aS)c, 

20 V-(W-)w(X-)xC(D((A-).S)d)c, 

V-(W-)w(X-)xC(D(E((A-)aS)e)d)c, and 
V-(W-)w(X-)xC(D(E(F((A-)aS)^e)d)c 
wherein: 

V, W, X, C, D, E, F, A, w, X, c, d, e, t and a are defined as in the preceding claims, 
25 and each S independently has no meaning or is H, OH, or a reactive moiety that allows 
for couphng the multiple release spacer system to leaving groups Z, which may be the 
same or diflEerent, to a£ford compounds 

V-(W-)w(X-)xC((A-)aZ)c, 

V-(W-)w(X-)xC(D((A-),Z)d)c. 
30 V-(W-)w(X-)xC(D(E((A-)aZ)e)d)c,and 

V-(W-)w(X-)xC(D(E(F((A-)aZ)^)d)c, respectively. 
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27 A compound according to claim 26 wherein the reactive moiety S is connected 
via a carbonyl group to the multiple release spacer or spacer system. 

28 A compound according to claim 27 wherein S represents iV^succinimidyl-iV- 
5 oxide, p-nitrophenoxide, pentafluorophenoxide, or chloride. 

29 A compound according to claim 26 wherein S is connected to the methylene 
group of the multiple release spacer or spacer system. 

10 30 A compoimd according to claim 29 wherein S represents chloride, bromide, /?- 
toluenesulfonate, trifluoromethylsulfonate, or methylsulfonate. 

31 A compound according to any of the preceding claims wherein the specifier V is 
a tripeptide. 

15 

32 A compoimd according to claim 31 wherein the tripeptide is linked via its C- 
terminus to the self-eliminating multiple release spacer or spacer system. 

33 The compound of claim 32 wherein the C-tenninal amino acid residue of the 
20 tripeptide is selected firom arginine and lysine, the middle axnino acid residue of the 

tripeptide is selected from alanine, valine, leucine, isoleucine, methionine, 
phenylalanine, cyclohexylglycine, tryptophan and proline, and the N-terminal amino 
acid residue of the tripeptide is selected from a D-amino acid residue and a protected L- 
amino acid residue including protected glycine. 

25 

34 A compound according to claim 33 wherein the specifier V is selected from D- 
alanylphenylalanyllysine, D-valylleucyllysine, D-alanylleucyllysine, D- 
valylphenylalanyllysine, D-valyltryptophanyllysine and D-alanyltryptophanyllysine. 



30 



35 A compoimd according to any of the preceding claims wherein the specifier V is 
an amino-terminal capped peptide covalently linked via the C-terminus to the self- 
eliminating multiple release spacer or spacer system. 
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36 The compound of claim 35 wherein the specifier V is selected from 
benzyloxycarbonylphenylalanyllysine, benzyloxycarbonylvalyllysine, D- 
phenylalanylphenylalanyllysine, benzyloxycarbonylvalylcitrulhne, tert-butyl 
oxycarbonylphenylalanyllysine, benzyloxycarbonylalanylargmylarginine, 
5 ben2yloxycarbonylphenylalanyl-N-tosylarginine, 2- 

aminoethylthiosuccininudcpropionylvaliaylcitrulline, 2- 

aminoethyltWosucciniinidopropionyllysylphenylalanyllysuie, acetylphenylalanyllysine, 
and benzyloxycarbonylphenylalanyl-O-benzoylthreonine. 

10 37 A compoxind according to any of the preceding claims wherein the specifier V 
comprises a reactive moiety that can be used to couple said compound to a targeting 
moiety. 



38 A compound according to claim 37 in which the reactive moiety is 




,wherein X is een leaving group. 

39 A compound according to claim 37 in which the reactive moiety is an N- 
hydroxysuccinimide ester, a /7-nitrophenyl ester, a pentafluorophenyl ester, an 

20 isothiocyanate, an isocyanate, an anhydride, an acid chloride, a sulfonyl chloride, and 
an aldehyde. 

40 A compound according to claim 37 in which the reactive moiety is a hydrazine 
group or an amino group. 

25 

41 A compound according to any of the preceding claims wherein the specifier V 
comprises a targeting moiety. 

42 A compound according to claim 41 in which the targeting moiety is selected from 
30 the group consisting of a protein or protein Augment, an antibody or an antibody 
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fragmmt, a receptor-binding or pq)tide vector moiety and a polymeric or dendritic 
moiety. 

43 A compound according to any of the preceding claims selected from the group 
5 consisting of 
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and salts thereof. 



5 44 The use of a compound according to claim 26-30 or 37-40 for the preparation of a 
compound of claim 4. 

45 Diagnostic assay process in which a compound according to any of the preceding 
claims is used. 

10 

46 Process according to claim 45 in which the presence or amount of an enzyme is 
determined. 



47 Process according to claim 46 in which the presence or amoimt of a protease is 
15 determined. 

48 Process according to claim 47 in which the compoimd that is used comprises a 
substrate for said protease and leaving groxip Z is detected. 

20 49 Process according to claim 47 in which the compound that is used comprises a 
substrate for an enzyme, which is the product of cleavage of its pro-enzyme precursor 
by said protease and leaving group Z is detected. 

50 A composite structure comprising two or more compounds according to any of 
25 the preceding claims, coimected with a polymeric structure. 

51 A compound according to any of the preceding claims, wherein the specifier V is 
removed or transformed by an enzyme that is transported to the vicinity of or inside 
target ceUs or target tissue via ADEPT, PDEPT, MDEPT, VDEPT, or GDEPT. 



30 
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52 Use of a compound according to any of the preceding claims for the preparation 
of a pharmaceutical composition for the treatment of a mammal being in need thereof. 

53 A pharmaceutical composition comprising a compound according to any of 
5 claims 1 to 51. 

54 A process for preparing a pharmaceutical composition comprising the step of 
mixing a compound according to any of claims 1 to 51 with a phaimaceutically 
acceptable carrier. 

10 

55 A method of treating a mammal being in need thereof, whereby the method 
comprises the administration of a pharmaceutical composition according to claim 52 or 
53 or is obtained according to the process of claim 54, to the mammal in a 
therapeutically effective dose. 
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